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ABSTRACT 
 
The recurrent poor performance in mathematics of South African learners is a cause 
for concern and requires immediate intervention. There is growing research interest in 
the role that values play in learners’ mathematics achievement. Values are reflected 
in many education policies, curriculum-and assessment documents, and practices of 
pedagogy. The role values play in mathematics education is one of the major factors 
to consider when endeavouring to advance the quality of mathematics teaching-and-
learning. Therefore, this study focuses on learners’ values in mathematics and forms 
part of the large-scale, international What I Find Important (WIFI) in mathematics 
learning project and is conducted in a South African context for the first time.  
 
The current study aimed to establish the values that Grade 8 to 10 learners from a 
mathematics-and-science-focus school in Johannesburg associate with effective 
mathematics learning. The study also explored these learners’ views on important 
attributes of mathematics learning. In addition, their value preferences in respect of 
their mathematics learning were identified. 
 
In the context of this study, values were considered from a sociocultural perspective. 
Values were defined as an individual’s internalised convictions, including their beliefs 
and opinions regarding what is important in their mathematics learning. Values in 
respect of mathematics education were viewed as the personal beliefs held by 
learners that are of importance and of worth to them. The underlying theoretical 
framework of this study was based on Bishop’s (1996) theory of values education. The 
cultural dimensions theory of Hofstede (1997, 2004, 2011) and the role of culture in 
mathematics from the perspectives of Stigler and Baranes (1988) were secondary 
theories that informed the theoretical framework of the study.  
 
A post-positivist paradigm was adopted to enable scientific engagement with 
participants with the intent of seeking knowledge. This study utilised a quantitative 
research method, following a survey-research strategy. The data collection instrument 
used was the standardised WIFI in mathematics learning study questionnaire focusing 
on the role of values in mathematics learning. Non-probability, convenient purposive 
vii 
 
sampling was employed to select a sample of 249 Grade 8 to 10 learners from a 
mathematics-and-science-focus school in Johannesburg. The data obtained in this 
study were statistically analysed by means of descriptive statistics, split-file analysis, 
tables of the distribution of frequencies, Principal Component Analysis (PCA), 
independent-samples t-test, and reliability analysis.  
 
The main findings revealed that the main values participants associate with effective 
mathematics learning are effort, practice, perseverance, process, explanation, 
openness, objectivism, recalling, and progress. Identifying the values that learners 
associate with mathematics learning is useful to enhance teachers’ pedagogical 
potential. Knowledge and awareness of the learners’ values can facilitate effective 
mathematics teaching and learning, as these values can be incorporated into 
mathematics lessons and inform teachers’ pedagogical practices.  
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CHAPTER 1 : INTRODUCTION AND ORIENTATION TO THE STUDY 
 
 INTRODUCTION AND BACKGROUND CONTEXT 
 
In recent times school mathematics education in South Africa has come under critical 
scrutiny and research indicates that learners perform poorly in mathematics 
benchmarking tests (Mji & Makgato, 2006; Schollar, 2015; Spaull, 2013; Van der Berg, 
2015). South African learners’ performance in mathematics in Grade 12 has 
deteriorated since 2008 and in recent years not even one quarter of all Grade 12 
learners enrolled for mathematics achieve the current pass mark of 30% (Schollar, 
2015; Tsanwani, Engelbrecht, Harding, & Maree, 2013).  
 
Over the past two decades South Africa has participated in various large-scale, 
international comparative studies, such as the Monitoring Learner Achievement (MLA) 
study, the Southern and Eastern African Consortium for Monitoring Educational 
Quality (SACMEQ) and the Trends in International Mathematics and Science Study 
(TIMSS), all of which aim to benchmark academic performance across countries 
(Schollar, 2015). The results obtained from each of these studies reveal that South 
African learners achieve performance levels well below those of learners from other 
African countries as well as the rest of the world (Mji & Makgato, 2006; Schollar, 2015). 
Spaull (2013) further suggests that South Africa has the worst education system of all 
middle-income countries that participate in cross-national assessments of educational 
achievement.  
 
A closer look at the results of these international tests is warranted. In the MLA study 
of 2000, which involved the participation of 12 African countries, South Africa scored 
a mean of 30%, in comparison to a mean score of 47% obtained by the remaining 11 
countries. The results from the 2000 SACMEQ test likewise indicate that South African 
learners’ performance was weak, with a mean score of 486 in comparison to the all-
country mean of 500. Most of the Grade 6 learners in both years 2000 and 2007 
achieved scores at a Grade 3 level of competence or lower (Schollar, 2015).  
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The outcomes from South Africa’s participation in the TIMSS in various years 
highlights the consistently poor performance of learners in school mathematics. The 
1995 TIMSS results ranked South Africa last of all participating countries. The 1999 
Grade 8 learner participants still had the lowest scores compared to learners from 
other participating countries and in 2003 South African learners again had the lowest 
mean score with no significant improvement compared to their performance in 
previous years (Mji & Makgato, 2006; Schollar, 2015). More recently, the 2015 TIMSS 
results ranked South African learners’ performance second to last out of 49 
participating countries (Mullis, Martin, Foy, & Hooper, 2015).  
 
A more current national performance test, the Annual National Assessment (ANA) was 
administered in 2011 and scored internally by teachers to test learner performance 
across the grades tested (Schollar, 2015; Van der Berg, 2015). Researchers (Schollar, 
2015; Simkins, 2013; Van der Berg, 2015) indicate that the ANA results confirm the 
deficient performance and disappointing results of South African learners in terms of 
cognitive outcomes and a vast majority of learners (80%) do not meet the minimum 
competency level for the grade in which they are enrolled. The analysis of the 2011 
Grade 9 mathematics ANA results are particularly concerning, as 92% of learners 
scored below 30% and only 2% of learners scored 50% or higher (Simkins, 2013). 
 
From the brief review above, it seems reasonable to suggest that the recurrent poor 
performance of South African learners in mathematics should be regarded as a major 
concern and warrants a concerted effort in order to improve the current situation 
(Maree, Mutshaeni, Engelbrecht, & Sommerville, 2011; Mji & Makgato, 2006). South 
Africa’s mathematics education at school level looks bleak and positive transformation 
is essential if South African learners are to compete on equal footing with learners 
from other countries. 
 
The role of values in mathematics education has been a longstanding discussion topic 
among researchers and academics. Education systems, particularly in mathematics 
education, are thought to be determined by values, even though these values may not 
always be explicit (Askew, Hodgen, Hossain, & Bretscher, 2010; Bills & Husbands, 
2005). Values as affective components unquestionably exist in mathematics 
classrooms and have an influence on mathematics teaching-and-learning as well as 
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on the ways in which learners choose to participate or not participate in mathematics 
tasks (Dede, 2011, 2015). It can be argued that the values teachers and learners hold 
affect learning in general and mathematics learning in particular (Zhang, Barkatsas, 
Law, Leu, Seah & Wong, 2015).  
 
For a number of years, several researchers (Atweh & Seah, 2008; Bishop, Clarkson, 
Seah, & Andersson, 2016; Jerrim, 2015; Law, Wong, & Lee, 2011; Österling & 
Andersson, 2013) have placed an emphasis on the culturally referenced nature of 
mathematics, suggesting that culture-based values might be closely related to 
cognitive and affective factors, which in turn may influence mathematics teaching-and-
learning. In respect of mathematics teaching-and-learning at school level, Askew et al. 
(2010)  point out: “high attainment may be much more closely linked to cultural values 
than to specific mathematics teaching practices” (p. 12). Zhang et al. (2015) argue that 
an understanding of what students value can provide useful information to teachers 
and curriculum planners to help them improve mathematics learning.  
 
 RATIONALE FOR THE STUDY 
 
In view of the research evidence highlighting South African learners’ poor performance 
in mathematics, and the emerging focus on the role of values in mathematics learning, 
the role of learners’ values in relation to mathematics learning and performance is 
further examined in this study.  
 
Mathematics education is often regarded as a scientific domain of study, one that is 
entirely centred on abstract reasoning, a subject that is value-free (Limbaco, 2015). 
However, mathematics cannot escape values and the general aims of education 
include the inculcation of values which are often presented implicitly (Atweh & Seah, 
2008; Dede, 2006; Limbaco, 2015). Values are reflected in every policy, curriculum 
document, and practice of pedagogy (Atweh & Seah, 2008); consequently, the role of 
values in education cannot be ignored. Mathematics cannot be disassociated from 
everyday life or from the sociocultural foundation from which it originates (Dede, 2006; 
Limbaco, 2015). Values in mathematics are innate and are part of the educational 
process of mathematics teaching-and-learning, and the role that values play in 
mathematics education is one of the major factors to consider when endeavouring to 
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advance the quality of mathematics teaching-and-learning (Chin, 2006; Dede, 2006). 
Learners enter the mathematics classroom with their own values and beliefs regarding 
mathematics, and these values and beliefs potentially affect their mathematics 
learning. 
 
Learners’ values, beliefs and expectations regarding the difficulty of mathematical 
tasks, as well as their perceived value of success and of control over the outcome, is 
seen as considerable contributors to mathematics achievement (Lipnevich, Preckel, & 
Krumm, 2016). According to the outcomes of research based on the Expectancy Value 
Theory (EVT) model, the most direct predictors of mathematics achievement are 
students’ expectations and their value beliefs (Gaspard, Dicke, Flunger, Schreier, 
Häfner, Trautwein, Nagengast, 2015).  
 
The question of values has been a longstanding concern of mathematics education 
research (Bills & Husbands, 2005). Over the past two decades there has been growing 
interest in the role of cultural issues in mathematics education with a realisation that 
mathematics education is culturally shaped and mathematics knowledge is a cultural 
product (Bishop, 2002). A Nuffield Foundation Review of more than 500 published 
research studies (Seah & Wong, 2012) indicated that high achievement in school 
mathematics is more closely related to cultural values than to specific mathematics 
teaching practices.  
 
According to Chin (2006) several studies allude to a shared belief among researchers, 
that mathematics education and the quality of mathematics teaching-and-learning can 
be improved through gaining a better understanding of values and through educating 
teachers regarding values. 
 
 ORIGIN OF THE RESEARCH IDEA AND OVERARCHING RESEARCH 
CONTEXT 
 
In order to provide a personal perspective to my research inquiry, I will share some 
personal life experiences and specific inspirations. Growing up in a household in which 
my mother was a teacher meant that family conversations were often centred on 
education. In 2010, I applied for a four-year Bachelor of Education (BEd) degree with 
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a specialisation in mathematics education. During the final year of studying towards 
my degree, I conducted research, on a very small scale, which looked at the effects of 
a peer-tutoring programme in relation to learners’ mathematics achievement. This 
minor study sparked new curiosity within me and I then enrolled for a postgraduate 
Honours degree in 2014, to further investigate possible strategies to improve 
mathematics education. During my Honours studies, I completed three minor research 
projects, all of which related to improvements in mathematics education and learner 
achievement.  
 
Currently, as an in-service high school mathematics teacher, trying to improve the 
standard of learner’s mathematics performance remains an ongoing concern and 
interest. As a mathematics teacher, I find it increasingly challenging to motivate and 
encourage learners to perform better. If the values learners associate with effective 
mathematics learning can be outlined, learning experiences can be structured to 
incorporate or accommodate these values, which could enhance mathematics 
learning.  
 
Towards the end of my Honours degree in 2015, I was delighted to hear about the 
international What I Find Important (WIFI) in mathematics learning research project. 
The project manager of the What I Find Important (WIFI) in mathematics learning 
project, Prof Wee Tiong Seah from the University of Melbourne, extended an invitation 
the University of Johannesburg to participate in an international research project 
focusing on learners’ values in mathematics teaching on behalf of South Africa, the 
18th participating country. This third wave project involves a number of countries from 
around the world and the invitation provided South Africa with the opportunity to be a 
part of this large scale, international research.  
 
After much deliberation a South African team was established. I am one of the team 
members and will b as part of this international project I have conducted research (a 
full master’s study) with a focus on the possible influence of learner values on learning 
in mathematics. 
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 CHARTING THE RESEARCH PROBLEM 
 
Despite a substantial body of research (Howie, 2003; Legotlo, Maaga, & Sebego, 
2002; Maree, 2010; Maree et al., 2011; Mji & Makgato, 2006; Ntuta & Schurink, 2010; 
Tsanwani et al., 2013) investigating the determinants of academic success and factors 
relating to poor mathematics performance, there appears to be no notable 
improvement in the mathematics performance of South African learners. Tsanwani et 
al. (2013) suggest that although a great deal of research is conducted on ascertaining 
the contributors to academic success, there is still abundant room for additional 
investigation in respect of mathematics education.  
 
In comparison to other school subjects such as the sciences or languages, there is 
less research on the role of affective aspects in mathematics (Seah & Bishop, 2000). 
In addition, research on the affective domain is conducted mainly in Western cultures 
with a primary focus on gender, attitudes, and beliefs, while the influence of values on 
mathematics learning is overlooked (Dede, 2011; Seah & Bishop, 2000). 
 
Prior research in mathematics education focused on the role that cognition plays in 
effective mathematics teaching-and-learning (Seah & Peng, 2012). However, over 
time it became apparent that cognitive perspectives alone were insufficient in 
explaining and improving mathematics teaching-and-learning. Therefore, there was a 
need for research primarily focused on the influence of affective components and 
learner’s beliefs on their learning. While research on affect enabled a better 
understanding of the facilitation of mathematics teaching-and-learning, it inadequately 
explains what effective mathematics learning encompasses. Thus, research focusing 
exclusively on either cognitive aspects or affective aspects is insufficient in trying to 
understand what constitutes effective mathematics learning. Hence, a space is 
created to inquire into the role values play in effective mathematics learning, as values 
are viewed from a sociocultural perspective (Seah & Wong, 2012).  
 
While values constitute a crucial component in any educational setting, it is seldom 
that these values are overtly expressed with reference to mathematics learning, as 
mathematics is considered by many to be a value-free subject (Bishop & Clarke, 2005; 
Bishop, Clarke, Corrigan, & Gunstone, 2006). While mathematics education has 
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transformed over the past two decades and there has been a shift from rote problem 
solving and memorisation to conceptual understanding, the crucial element of the 
values learners attach to mathematics is absent (Luttrell, Callen, Allen, Wood, Deeds 
& Richards, 2010).  
 
Despite the importance of values in mathematics education, there is insufficient 
research regarding the role of values in mathematics learning (Chin, 2006). Research 
indicates that although there is some history of research regarding values in education, 
specialisation in values in mathematics education is fairly recent, scarce and 
somewhat elementary, with insufficient knowledge and understanding at this stage 
(Bishop et al., 2006, 2016; Chin, 2006; Lee & Seah, 2015; Seah & Bishop, 2000). This 
research study is unique, therefore, as it looks at the role of values in mathematics 
learning from the learners’ perspective. The notion of values lacks clarity in 
mathematics education contexts, thus making research in this field necessary (Bishop 
et al., 2006). 
 
 Main research question 
 
This study endeavours to make suggestion(s) regarding the problem of learner 
underperformance in mathematics from the perspective of learner-associated values 
in mathematics learning. The main overarching research question arising from the 
preceding discussion is:  
 
What are the values that Grade 8 to 10 learners from a public, mathematics-and-
science-focus school in Johannesburg associate with mathematics learning?  
 
 Research sub-questions 
 
The overarching research question can further be explored through the following 
research sub-questions: 
 What are the learners’ views on important attributes for mathematics learning? 
 What are the value preferences of Grade 8 to 10 learners from a public, 
mathematics-and-science-focus school in Johannesburg in respect of their 
mathematics learning? 
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 PURPOSE OF THE STUDY 
 
The purpose of this study is to explore the values that Grade 8 to 10 learners from a 
public, mathematics-and-science focus school in Johannesburg associate with 
mathematics learning in order to improve mathematics learning.  
 
 Research objectives  
 
The research objectives are as follows: 
 To determine what values Grade 8 to 10 learners from a mathematics-and-
science-focus school, in Johannesburg, associate with mathematics learning.  
 To explore what the Grade 8 to 10 learners’ views are on important attributes 
for mathematics learning.  
 To identify the value preferences of Grade 8 to 10 learners in respect of their 
mathematics learning.  
 
 THEORETICAL FRAMEWORK  
 
Values and valuing, in this study, are considered from a sociocultural perspective as 
opposed to the usual affective point of view (Seah & Wong, 2012). Values are seen to 
reflect an individual’s years of learning and influences from prior experiences as well 
as their social interactions as members of their culture (Seah, 2018). Values are 
situated within a specific sociocultural context and culture plays a significant role in 
establishing mathematical values. It is important to note that not all cultures share the 
same values (Bishop, 2001; Seah & Wong, 2012).  
 
The theoretical lens for this study is derived from a six-values cluster model developed 
by Bishop (1988, 1996). Bishop’s (2001) six-values cluster model, based on the 
original work of White (1959, as cited in (Bishop et al., 2006)) is organised into three 
complementary pairs of values with each pair relating to one of three value 
dimensions: ideological, sentimental or sociological (Bishop et al., 2006). The six-
values cluster model can be summarised as shown in Table 1.1. Each of the values 
outlined in Table 1.1 are discussed in further detail in Chapter 2 (see section 2.2.1.2).  
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Table 1.1: Six values cluster model developed by Bishop (1988, as cited in 
Bishop et al., 2006; Bishop, 2001) 
Value dimensions 
Mathematical 
values 
Explanation 
Ideology 
Rationalism 
 
Main values people associate with mathematics. 
Includes logical and hypothetical reasoning.  
 
Objectivism 
Ability to create symbols and concrete 
representations.  
 
Sentiment 
Control 
Ability to establish rules, make predictions, and 
supply ideas to various environmental situations. 
Mathematics has right answers that can be checked, 
and control is one of the main reasons why 
individuals like mathematics.  
 
Progress 
Abstracting and generalizing. Mathematicians can 
explore and put forward ideas.  
 
Sociology 
Openness 
Mathematicians believe in public verification of their 
ideas through proofs and demonstrations.  
 
Mystery 
Mathematical problems, investigations and puzzles 
have an element of mystery, surprise and wonder.  
 
 
A secondary value theory that informs the theoretical framework is the cultural 
dimensions theory initially developed by Geert Hofstede in 1980 (Hofstede, 1997) and 
later refined (Hofstede, 2011). Hofstede’s (2011) value classification system consists 
of the following four dimensions: i) Power Distance ii) Individualism and Collectivism, 
iii) Uncertainty Avoidance and iv) Masculinity and Femininity. Hofstede, together with 
Bond (as cited in Girlando & Eduljee, 2010), later developed a fifth dimension, namely 
long-term and short-term orientation (see section 2.11.2)  
 
Hofstede’s (1997) cultural dimensions theory, which reveals the norms and ways of 
thinking of members of different cultural groups, influenced the third stage of the WIFI 
in mathematics learning project, which encompasses a fourth value category in 
addition to the three listed in Table 1.1, namely cultural values. There is a greater need 
for this fourth category as a result of increasingly multicultural mathematics 
classrooms, particularly in South African schools. 
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 CLARIFICATION OF KEY CONCEPTS 
 
 Values  
 
Values in mathematics education “are the deep, affective qualities which education 
aims to foster through the school subject of mathematics” (Bishop, 1996, p. 19). 
Values, for the purpose of this study, can be defined as an individual’s internalised 
convictions, including beliefs and opinions regarding what is important and worthy 
(Seah & Andersson, 2015).  
 
 Learning  
 
Learning refers to the attainment of information or patterns of behaviour gained by 
means other than genetic inheritance. The amendment to genetically acquired 
information or change in behaviour as a result of experiences can be attributed to 
learning (Allaby, 2010). 
 
 Mathematics learning  
 
Mathematics learning is the acquiring of new knowledge, skills and affects that are 
associated with quantity, space and structure (Seel, 2012). In particular, mathematics 
learning refers to the acquisition of mathematical knowledge, skills or competencies in 
an educational setting.  
 
 Mathematics teaching 
 
Effective mathematics teaching involves a path of “mathematization,” which enables 
students to progress from the concrete to the abstract and enhance their 
understanding while assisting students to acquire the flexible use of rules (Law et al., 
2011, p. 73). For this study, mathematics teaching refers to the process in which a 
mathematics teacher imparts mathematical knowledge, skills or competencies.  
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 Mathematics achievement  
 
Mathematics achievement describes the level or nature of learning demonstrated, 
relative to a specific area in mathematics often determined by means of standardised 
tests and assessments involving a number of formats (Shear, 2014).  
 
 Culture 
 
Culture is “the collective programming of the mind that distinguishes the members of 
one group or category of people from others” (Hofstede, 2011, p. 3). 
 
 Public schools 
 
Public schools are “schools funded in full or in part from funds appropriated by the 
provincial legislature” (Republic of South Africa, 1996, p. 19).  
 
 Mathematics-and-science-focus schools 
 
The South African School’s Act (Republic of South Africa, 1996) differentiates between 
three types of public schools: ordinary public schools, public schools for learners with 
special educational needs, and public schools that provide education with a 
specialised focus on a certain skill which may include for example sport, performing or 
creative arts. For the purpose of this study, a mathematics-and-science-focus school 
is a public school that focuses on mathematics and science education and promotes 
excellence in these areas. The school at which this study is conducted is considered 
a mathematics-and-science focus school because learners are enrolled at the school 
in Grade 8 based on their mathematics performance and their results of the school’s 
entrance examination. The Gauteng Department of Education will officially be 
launching the school as a school of specialisation with a focus on mathematics and 
science (see Annexure A).   
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 RESEARCH METHODS AND METHODOLOGY 
 
This section provides the research paradigm adopted for this study, followed by an 
outline of the research approach and strategy. Thereafter, the research choices and 
method as well as the time horizons will be mentioned. Lastly the data collection and 
analysis to be used in this study will be delineated. 
 
A post-positivist research paradigm has been adopted for this study as it is largely 
quantitative in nature and the assumptions of a post-positivist paradigm are “more 
applicable to quantitative research” than it is to qualitative research (Creswell, 2013, 
p. 7) (see section 3.3).  
 
This study utilised a deductive reasoning approach which seeks evidence to either 
support or refute the hypotheses (Soiferman, 2010). The questionnaire utilized to 
collect data contains one item that is qualitative in nature (see sections 3.4 and 3.5.2).  
 
Survey research was employed in this predominantly quantitative study, facilitating the 
collection of large amounts of data economically (Saunders, Lewis, & Thornhill, 2009). 
Questionnaires consisting of open-ended and Likert scale items were utilised to gather 
information from a sample of participants in order to test hypotheses and describe 
situations, based on their responses (Monette, Sullivan, & DeJong, 2010) (see section 
3.5.2).  
 
Since this was a short-term study and the data for this study were collected at one 
point in time, the research design was a cross-sectional one (Schutt, 2014). This 
empirical study was conducted over an approximate timeframe of two years (see 
section 3.7).  
 
The population for this study was all the learners, approximately 500 in number, at the 
mathematics-and-science-focus school where the research was conducted. The 
sample for this research study was a group of 249, Grade 8 to 10 learners from the 
school (see section 3.8.2).  
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Non-probability convenience and purposive sampling was employed in this study as 
the researcher made a conscious choice of participants and used participants who 
were readily available and easily accessible (Fritz & Morgan, 2010; Michel, 2008) (see 
section 3.8.2).  
 
The following criteria had to be met in order for a learner to participate in the study:  
 There was no limitation on the learners’ age, but the learner had to be enrolled 
at the school in 2017 in Grade 8 to 10.  
 Learners were not excluded if they previously repeated a grade at primary 
school level, but they were not allowed to have repeated a grade at this 
particular school.  
 Individual consent had to be obtained from the learner as well as parent(s).  
 
Hard copies of the questionnaire were handed out to the Grade 8 to 10 register 
teachers. During an assembly period on a Wednesday the learners completed the 
questionnaire and handed it back to their register teachers. The researcher then 
collected the completed questionnaires from the respective register teachers, after 
which the data were captured and analysed (see section 3.8.3).  
 
Descriptive statistics were used for analysing the demographic items in section A of 
the questionnaire, to describe, organise and summarise what the data show (Holcomb, 
2016). The open-ended item in section B was analysed qualitatively, while sections C 
and D of the questionnaire were analysed quantitatively (see section 3.8.3.3).  
 
The qualitative data collected from section B were subjected to content analysis. 
Content analysis involves the use of various research techniques that “describe and 
systematically analyse the content of written, spoken, or pictorial communication”. The 
techniques used are often, but not always, quantitative in nature (Vogt, 2005, p. 60) 
(see section 3.8.3.3).  
 
Correlational statistics were employed to analyse the quantitative data obtained from 
the Likert scale and semantic differential items. The aim of the analysis was to 
establish any possible correlations between the values learners associate with 
mathematics learning, and their mathematics performance. 
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 VALIDITY, RELIABILITY AND TRUSTWORTHINESS 
 
 Quantitative validity and reliability measures 
 
The WIFI in mathematics learning questionnaire is a standardised questionnaire that 
has been validated in the international domain in several countries (Bishop et al., 2016; 
Dede, 2006; Law et al., 2011; Österling, 2013; Zhang et al., 2015). The questionnaire 
was piloted in the South African domain and adapted to and refined for the local 
context.  
 
Since the WIFI in mathematics learning questionnaire is a standardised instrument, 
content validity is already ensured. The individual items of the data collection 
instrument have been interrogated by content experts. The content experts assessed 
and measured the extent to which the data collection instrument measures what it 
intends to measure and the appropriateness of the research items (Hardesty & 
Bearden, 2004; Salkind, 2010). Face validity, according to Salkind (2010), should be 
assessed at the end of the investigation as it is concerned with the overall relevance 
of the research findings. Thus, face validity was measured once the data had been 
collected and analysed and should reflect the extent to which the data measures what 
it intended to measure (Hardesty & Bearden, 2004; Salkind, 2010). A pilot study was 
conducted to further enhance face validity and measure the extent to which the data 
collection instrument measures what it intends to measure. Construct validity, a 
measure of how accurately an instrument measures its target and how it measures to, 
or correlates with, a theorised psychological construct, will be ascertained by Principal 
Component Analysis (PCA) (Andrew, Pedersen, & McEvoy, 2011) (see section 
3.8.3.3).  
 
Internal, consistency reliability was determined in this study by calculating the 
Cronbach’s Alpha coefficient (Andrew et al., 2011) (see section 3.8.5). The Statistical 
Package for the Social Sciences (SPSS) was used to calculate the Cronbach’s Alpha 
coefficient of the items from the PCA. 
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 Qualitative trustworthiness measures 
 
A measure of the quality of qualitative data is trustworthiness (Tappen, 2010). 
Credibility and transferability were pursued through a clear, complete and detailed 
description of the research (Brown & Rodgers, 2002). Dependability was enhanced by 
comparing the findings that emerged from the qualitative data analysis with literature 
(see section 3.8.6).  
 
 ETHICAL MEASURES  
 
An ethical clearance application was completed to obtain approval and ethical 
clearance for this study was obtained from the Faculty’s Ethics Research Committee 
as well as the Gauteng Department of Education. The school principal and parents of 
the participants also needed to give consent prior to the data collection. The 
participants of the study were required to acknowledge their participation in the study 
and were requested to sign a consent form. This study complied with all ethical 
measures (see section 3.8.4).  
  
 POTENTIAL CONTRIBUTION OF THE RESEARCH 
 
This study will demonstrate scholarly value by contributing to research in the field of 
values in mathematics education in a South African context. This study also ventures 
to provide valuable information to policy makers and, through its findings, to assist 
curriculum planners and designers in accommodating the most dominant values in 
mathematics learning in the curriculum. In addition, the study has practical value since 
it can enhance an understanding of what learners’ value in mathematics, which in turn, 
could enable teachers to optimally align mathematics teaching-and-learning and to 
teach the subject more effectively.  
 
The results obtained from this study may be useful to in-service mathematics teachers, 
since they can use the information to guide their lesson planning and pedagogical 
practices. University lecturers, particularly those involved with mathematics teacher 
training Senior and Further Education and Training (FET) phases, may also find the 
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results valuable and they can use it to structure academic modules for pre-service 
mathematics teachers to accommodate the values that learners find most important. 
 
 OUTLINE OF STUDY 
 
This dissertation is structured over five chapters. Chapter 1 provides a comprehensive 
overview of the study. This chapter introduces the research study and covers the 
background for the research. The research problem, research question and sub-
questions as well as the purpose of the study (the objectives) are also outlined. 
Furthermore, the underlying theoretical framework and clarification of key concepts 
are provided. The research design and methodology adopted for this study are 
discussed briefly and a summary of the quality measures is provided.  
 
Chapter 2 will provide a more detailed literature overview for this study and the relevant 
keynote theories will be discussed. The chapter will begin with a comprehensive 
clarification of the key concepts relating to this study, followed by previous research 
conducted on the third wave WIFI in mathematics learning project. Literature-based 
findings in respect of mathematics achievement will be discussed. The underlying 
theory of values education by Bishop (1996), a secondary theory of cultural 
dimensions as proposed by Hofstede (1997), and the role of culture in mathematics 
from the perspectives of Stigler and Baranes (1988) will be reviewed.  
 
Chapter 3 will elaborate on the research design and methodology adopted for this 
study. In particular, the philosophic framework, research approaches, strategies, 
choices, time horizons and research techniques and procedures selected for this study 
will be discussed in further detail. The quality measures involved in this study will also 
be deliberated.  
 
Chapter 4 will include the analyses and interpretation of the results of the quantitative 
inquiry and findings of the qualitative inquiry.  
 
Chapter 5 will conclude the study by providing a summary of the research, answers to 
the research questions, and implications of the research. The contributions of this 
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study, possible limitations and recommendations for further research will also be 
discussed in this chapter. The chapter will end with a personal reflection on the study. 
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CHAPTER 2 : LITERATURE OVERVIEW  
 
 INTRODUCTION  
 
The concept of values and valuing may not be new in education, but the role that 
values play in mathematics teaching-and-learning is a rather recent field of research 
(Seah, 2018). This chapter will offer a review of literature in attempting to frame the 
main research question of this study: What are the values that Grade 8 to 10 learners 
from a public, mathematics-and-science focus school in Johannesburg associate with 
mathematics learning? The purpose of the literature review will be to contextualise the 
current study within an existing body of theoretical knowledge and relate the findings 
of this research study to prior research and literature (Creswell, 2013). An additional 
objective of the literature overview will be to clarify the relevant constructs associated 
with this study (Creswell, 2013).  
 
As discussed in Chapter 1, the mathematics achievement of South African learners is 
well below that of many other countries and this continued poor achievement is a 
concern that requires a concerted effort if there is to be any improvement (Mji & 
Makgato, 2006). Mathematics education is often considered to be a value-free, 
scientific domain of study, one that is centred on abstract reasoning. However, it has 
become increasingly evident that the learning and teaching of mathematics cannot 
escape values (Askew et al., 2010; Atweh & Seah, 2008; Dede, 2006; Limbaco, 2015). 
Education involves the inculcation of values which are often presented implicitly 
(Atweh & Seah, 2008; Dede, 2006; Limbaco, 2015). Values are innate to the 
educational process and specifically to mathematics teaching, and the role that values 
play in mathematics education appears to be a major contributor to advancing the 
quality of mathematics teaching-and-learning (Chin, 2006; Dede, 2006). Although 
mathematics education has transformed over the past two decades, the central 
element of the values that learners attach to mathematics is absent (Luttrell et al., 
2010). It is evidently of crucial importance to explore the values learners associate 
with effective mathematics teaching-and-learning.  
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This chapter will unfold providing a discussion of values in a South African context and 
insights regarding values as stated in the curriculum and policy documents that are 
implemented in South African schools. Thereafter, a discussion on the importance of 
values in mathematics will provide further justification as to why research into values 
and valuing is beneficial. Next, the concept of mathematics learning will be defined 
and discussed. The role of various affective constructs in mathematics learning will be 
explored. Subsequently, values in mathematics teaching-and-learning will be 
elaborated, and a definition of the construct of values as adopted in this study will be 
provided. Thereafter, the term mathematics achievement will be defined and 
discussed. Next, the nature of mathematics with specific reference to values will be 
considered.  
 
Previous national and international research on values in mathematics education will 
be scrutinised. Subsequently, previous research findings in respect of the What I Find 
Important (WIFI) in mathematics learning study will be highlighted. The main findings 
from three WIFI in mathematics learning studies will be deliberated. The first study 
was carried out in 2012 in Japan among Grade 5 and Grade 9 learners, the second 
study was conducted in 2014 in Hong Kong, China, and Taiwan involving 11- and 12- 
year-old participants and the third study was conducted in Hong Kong and Japan in 
2017 and involved both primary and secondary school learners.  
 
The theoretical framework adopted for this study will be presented. The theoretical 
framework underlying this study is based on Bishop’s (1996) theory of values 
education, which will be expounded further. Hofstede’s (1997) cultural dimensions 
theory and Stigler and Baranes’ (1988) perspectives on the role of culture in 
mathematics education will also be deliberated and will serve as secondary theories 
informing the theoretical framework of this study. Subsequently, a visual 
representation of the theoretical framework will be presented. Lastly, a synthesis and 
summary of the chapter will be provided.  
 
 VALUES IN A SOUTH AFRICAN CONTEXT  
 
Most education systems around the world expect the various school subjects, 
including mathematics, to inculcate a number of ethical and moral values within 
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learners (Seah, 2008). Pitsoe and Mahlangu (2014) argued that values education is 
one of the fastest growing areas of research in South Africa. It has gained much 
popularity in recent years and is favoured amongst policy makers, educationists and 
government.  
 
In South Africa, the current Curriculum and Assessment Policy Statement (CAPS) 
document for mathematics acknowledges that the National Curriculum Statement 
(NCS) for Grades R-12 “gives expression to the knowledge, skills and values worth 
learning in South African schools” (Department of Basic Education, 2011, p. 4). This 
suggests that in addition to advancing knowledge and skills, schools have a 
responsibility to also promote values within the schooling system. Furthermore, the 
NCS aims to equip learners with values that are necessary for “self-fulfilment and 
meaningful participation in society as citizens of a free country” (Department of Basic 
Education, 2011, p. 4). This aim implies the valuing of democratic participation among 
learners, which is in line with the values expressed in the Constitution of the country. 
Additionally, the NCS also highlights the value of indigenous knowledge including the 
history and heritage of the country in order to cultivate and uphold those values that 
are outlined in the South African Constitution (Department of Basic Education, 2011). 
Thus, values such as equality, human rights, and justice, amongst others, should be 
promoted in schools and education systems. 
 
The values that are outlined in the NCS are fairly generic and are not specifically 
geared towards values within the mathematics classroom. Consequently, there 
appears to be a lack of research in respect of the role of values in mathematics 
teaching-and-learning, particularly within the South African context.  
 
 THE IMPORTANCE OF VALUES IN MATHEMATICS  
 
In a broad sense, values play an important role within societies as they help to maintain 
togetherness and establish peace and trust among people (Doruk, 2012). It can be 
argued, therefore, that within a mathematics classroom, values should serve to 
promote a sense of cohesion and unity among learners. Most education systems 
expect the different school subjects, including mathematics, to promote ethical and 
moral values amongst learners (Seah, 2018).  
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While the idea of values and valuing in education is not new, the role that values and 
valuing play in individual school subjects, particularly mathematics, is a fairly recent 
area of research interest (Seah, 2018). Education fields, and specifically mathematics 
education, are determined by values (Askew et al., 2010). However, values in the field 
of mathematics are seen to be receiving insufficient attention (Doruk, 2012). Dede 
(2011) argued that all pedagogical and curricular activities should be centred around 
values and education systems that exclude the values dimension can be critiqued as 
(possibly) having a negative influence on all learning, as well as on learners’ well-
being.  
 
With particular reference to mathematics education, values are considered an 
important contributor to enhancing learners’ mathematical understanding and 
promoting successful achievement in mathematics (Dede, 2015; Doruk, 2012; Seah, 
2018). Both mathematical and mathematical educational values (see sub-sections 
2.11.1.2 and 2.11.1.3), as proposed by Bishop (1996), have the ability to influence the 
quality of learners’ mathematics learning experience (Seah, Baba, & Zhang, 2017). In 
addition, values play a role in mathematics teaching-and-learning and influence 
mathematics achievement (see sections 2.6 and 2.7). Education that is driven by 
values helps to foster optimism amongst learners and encourages learners to claim 
social responsibility while helping them to develop as individuals (Doruk, 2012).  
 
An important characteristic of values and valuing is that they encourage cognitive 
functioning and the development of affective states (Chin, 2006; Seah, 2018). Seah 
(2018) argued that focusing on just the cognitive or affective development of 
mathematics learners is insufficient for bringing about meaningful learning or making 
sustained improvements in mathematics teaching-and-learning (Seah & Wong, 2012). 
Values should rather be seen as an influential factor that complements both the 
cognitive and affective variables and regulates the degree to which learners learn and 
achieve in mathematics at school level and in general (Seah & Wong, 2012).  
 
Learners should want to learn, want to engage, want to understand and want to 
achieve, if they strive to perform in mathematics. This ‘willingness’ and valuing 
amongst mathematics learners is a crucial component of mathematics pedagogy 
(Seah, 2018). Valuing amongst learners is a driving force that promotes the 
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development of cognitive functioning and supports the development of positive 
affective states, and which ultimately influences the quality of learning. However, it can 
be argued that such valuing in mathematics classrooms is largely neglected (Seah, 
2018). 
 
 PERSPECTIVES ON MATHEMATICS LEARNING  
 
 Definitions 
 
According to researchers (Haselgrove, 2016; Hoy, Davis, & Anderman, 2013; Mayer, 
2002) learning is a complex, cognitive process and there may be various definitions 
and perspectives on what learning entails, which makes it rather difficult to find a single 
and satisfactory definition or absolute theory for the phenomenon. One possible 
definition of learning could be the acquisition of knowledge or information (Haselgrove, 
2016; Mayer, 2002). Haselgrove (2016) argued, however, that such a definition is 
inadequate. For instance, although a library may be an example of where information 
is acquired for learning, that does not necessarily mean that a library can be equated 
with learning (Haselgrove, 2016).  
 
According to several authors (Allaby, 2010; Haselgrove, 2016; Salkind, 2005), learning 
can be viewed as a relatively permanent change in a person’s behaviour as a result 
of experience and an alteration of a person’s genetically acquired information. Allaby 
(2010) further claimed that learning refers to the attainment of information or patterns 
of behaviour by means other than genetic inheritance. As individuals interact within 
their environment, specific events stimulate certain behaviours that constitute learning 
(Salkind, 2005).  
 
Mathematics learning can broadly be defined as the “acquisition of new knowledge, 
skills and affects that are related to quantity, space and structure” (Verschaffel, Van 
Dooren, & De Smedt, 2012, p. 121). However, Presmeg (2014) is of the opinion that 
mathematics learning does not merely involve the knowledge of conventions and 
standards generally utilised in mathematics. The learner should rather be able to make 
sense of these conventions and standards in a meaningful way  
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The National Research Council and Mathematics Learning Study Committee 
(NRCMLSC) (2001) indicated that children learn mathematics well before they enter 
the formal schooling system and they develop skills, concepts, and misconceptions as 
part of their mathematics learning at all ages. Hassi and Laursen (2015, p. 317) noted 
that successful mathematics learning is dependent on “mental stretch” through the 
involvement with “solving challenging problems” and further argued that engagement 
with challenging mathematical activities enhances learners’ cognitive abilities, thus 
improving their mathematics efficiency and learning.  
 
In attempting to define mathematics learning, it becomes evident that there is a clear 
distinction between rote learning and meaningful learning (R. B. Davis, 1984). 
According to R. B. Davis (1984) “learning mathematics by rote and routine is dull and 
unmotivating,” (p. 21) while Hassi and Laursen (2015) further contend that successful 
mathematics learning involves conceptual thinking, understanding, and logical 
reasoning. 
 
Rote learning involves the memorisation of key facts without being able to use the 
information to solve problems or being able to transfer the knowledge to new situations 
(Mayer, 2002). Meaningful learning, on the other hand, attempts to make sense of the 
information, so that in addition to being memorised, the information can be applied to 
solve problems and the knowledge can be transferred to different problems and 
learning situations (Mayer, 2002). Although Orton (2004) agreed that rote learning 
does not involve meaning making and is rather unconstructive, he pointed out that one 
must acknowledge that some level of rote learning is necessary. For example, the 
identification and meanings of mathematics symbols (for example +; −; ÷; ×; =) are 
often learnt in a child’s formative years of mathematics learning mainly through rote 
memorisation. Thus, it is to be expected that learning will, to some extent, occur 
through rote memorisation or simple association (Orton, 2004).  
 
 Theories on learning 
 
A number of theorists have made suggestions in respect of how children learn (H. 
Taylor, 2013) and many of these ideas can be related to mathematics learning. Early 
behaviourists suggested that learning relies on a stimulus-response association, and 
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all behaviour or learning, no matter how complex, is the result of a learner’s reaction 
when presented with a specific stimulus (Gray & MacBlain, 2015; Hoy et al., 2013; 
Orton, 2004; Pritchard, 2013). Cognitive theorists, unlike behaviourists, shifted the 
focus from external observable behaviours demonstrating a stimulus-response 
association to internal cognitive processes (Harasim, 2012). According to cognitivism, 
learning involves cognitive and intellectual processes such as thinking, remembering, 
and problem solving (Hoy et al., 2013).  
 
Constructivist learning refers to individuals constructing knowledge by making sense 
of the meaning of events concerned (H. Taylor, 2013). Furthermore, constructivist 
learning is an active process where individuals construct their own knowledge and 
understanding through experiences (Hoy et al., 2013). Piaget (1936) argued that 
intelligence is flexible, and that cognitive development and the acquisition of 
knowledge is the result of biological maturation and interaction with the environment 
(Piaget, 1936). Vygotsky (1978), on the other hand, adopted a social approach to 
learning, suggesting that knowledge is a socially mediated activity, where a learner is 
guided by a person who is more knowledgeable than the learner is.  
 
The sociocultural theory draws on the work of Vygotsky and aims to describe the 
context in which, and the process through which, learning occurs (de Valenzuela, 
2014). A sociocultural approach to learning emphasises an active, two-way interaction 
between individuals within a cultural context (de Valenzuela, 2014). Since values are 
considered from a sociocultural perspective in this study (see 1.6), the sociocultural 
theory of learning is of importance in respect of this research study. 
 
Seah and Wong (2012) claimed that there is no generic, one-size-fits-all pedagogical 
approach to effective mathematics learning; rather, the pedagogical approach is 
culturally specific. Mathematics knowledge, just like any other area of knowledge, is 
dependent on cultural and social influences (Bishop, 2002). In this study, I consider 
learning from cognitive, social, and cultural perspectives and follow the perspective of 
Ayotola and Adedeji (2009) that learning involves negotiation of both a personal and 
a social construction of meaning.  
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 THE ROLE OF AFFECTIVE CONSTRUCTS IN MATHEMATICS  
 
Numerous studies (Ayotola & Adedeji, 2009; Grootenboer & Marshman, 2016; Niepel, 
Burrus, Greiff, Lipnevich, Brenneman & Roberts, 2018; Skaalvik, Federici, & Klassen, 
2015) revealed that there is a strong relationship between various affective attributes 
such as attitudes, self-efficacy beliefs and values amongst others, and mathematics 
learning. Ayotola and Adedeji (2009) conducted a study that involved 352 senior 
secondary students from Oyo state, Nigeria, and examined the relationship between 
mathematics self-efficacy and mathematics achievement. The study suggested that 
mathematics teachers should find ways to develop students’ mathematics self-efficacy 
and enhance their confidence in mathematics in order to improve mathematics 
achievement (Ayotola & Adedeji, 2009).  
 
The focus of a study conducted by Grootenboer and Marshman (2016) was on 
students’ beliefs regarding the importance and usefulness of mathematics. This large-
scale study involved 1784 middle school (year 5 to 8) participants across a range of 
New Zealand schools. The overall results of the study revealed a general consensus 
amongst participants that mathematics was important and useful, and that 
mathematics was the gatekeeper to good jobs and future education (Grootenboer & 
Marshman, 2016).  
 
Niepel et al. (2018) investigated mathematics attitudes in relation to the Theory of 
Planned Behaviour (TPB) which offers a framework to examine students’ beliefs and 
attitudes towards mathematics and school. The study was longitudinal and initially 
involved 752 middle school students from the United States but later 514 students. 
The results from the study disclosed that students’ attitudes and their intentions to 
succeed in mathematics were positively related to their mathematics achievement 
(Niepel et al., 2018). 
 
Another study conducted in 2015, involving 823 Norwegian Grade 8 to Grade 10 
learners, analysed whether teacher support and students’ self-efficacy beliefs 
influenced students’ mathematics achievement and their motivation (Skaalvik et al., 
2015). The results from this study indicated that students’ mathematics self-efficacy 
beliefs strongly predicted their intrinsic motivation and their persistence in 
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mathematics (Skaalvik et al., 2015). Moreover, it was found that learners’ self-efficacy 
beliefs also predicted their effort, as well as their help-seeking behaviour (Skaalvik et 
al., 2015). 
 
Some research studies (Khine, 2015; Leung & Man, 2005) indicated that affective 
constructs, such as attitudes, beliefs towards mathematics, self-efficacy, and values 
form an interconnected system. This system plays a vital role in mathematics learning. 
The mentioned affective constructs are some of the factors that eventually influence 
mathematics achievement. 
 
Lipnevich et al. (2016) argued that mathematics attitudes are substantial contributors 
to mathematics achievement over and above personality or cognitive ability. The 
results of a study conducted by Khine (2015) indicated that there is a positive 
relationship between any of the following characteristics displayed by learners and 
their mathematics learning and achievement: (a) a liking for mathematics; (b) a 
positive perception of the value of mathematics; and (c) confidence in mathematics. 
Other researchers (Grootenboer & Marshman, 2016; Lim & Chapman, 2015; Limbaco, 
2015) claimed that learners with positive attitudes towards mathematics are more 
likely to spend additional time with the subject, thus positively influencing their 
mathematics learning and achievement. In contrast, Hassi and Laursen (2015) 
suggested that learners who face difficulties in their mathematical thinking and 
problem-solving abilities may attribute the difficulties they face to negative attitudes, 
poor self-concept or lack of motivation.  
 
Closely related to learners’ attitudes towards mathematics are their beliefs regarding 
mathematics and mathematics learning (Grootenboer & Marshman, 2016). Learners 
develop beliefs about mathematics through various experiences, including 
mathematics-related experiences at school (Grootenboer & Marshman, 2016). Leung 
and Man (2005) noted that, similar to learners with positive attitudes, learners who 
have positive beliefs about mathematics seem to learn and perform better in 
mathematics (Leung & Man, 2005).  
 
Bandura (1977) claimed that self-efficacy is an influential factor that guides individuals 
in respect of the activities they choose, the effort they put into tasks and the 
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persistence they display. Self-efficacy is seen as a predictor of a learner’s capability 
to perform and to complete academic tasks (Ayotola & Adedeji, 2009). Skaalvik et al. 
(2015) argued that learners’ motivation regarding schoolwork is linked to their self-
efficacy beliefs. Learners with greater self-efficacy beliefs are more likely to display 
greater persistence in working through challenging problems than learners with lower 
self-efficacy beliefs (Ayotola & Adedeji, 2009).  
 
Other researchers (Khine, 2015; Lim & Chapman, 2012) found notable correlations 
between learners’ enjoyment of mathematics and self-confidence levels, and also the 
value they attached to their mathematics achievement. Learners with a positive 
perception of mathematics and who valued the subject, as well as its relevance to their 
lives and careers, were more likely to exercise increased effort when learning 
mathematics (Atweh & Brady, 2009). Values are considered to be an important 
affective component that form part of mathematics classroom environments. Values 
also influence the manner in which learners choose to engage or disengage in 
mathematics tasks (Dede, 2011).  
 
 VALUES IN MATHEMATICS TEACHING-AND-LEARNING 
 
Values in mathematics education can be difficult to define as they are often associated 
with a number of different meanings and are frequently confused or used 
synonymously with other affective constructs such as attitudes and beliefs (Atweh & 
Seah, 2008; Dede, 2006, 2011). Österling and Andersson (2013) argued that it is 
much easier to measure the value of the price of gold on the stock market, for instance, 
than it is to define or measure the values that guide learners’ decisions on what is 
important when learning mathematics. Affective constructs, such as values, are 
classified as latent constructs, i.e. constructs that cannot be directly observed or 
quantified and therefore are more challenging to measure (McCoach, Gable, & 
Madura, 2013).  
 
Bishop (1996) defined values in mathematics education as “the deep, affective 
qualities which education aims to foster through the school subject of mathematics” 
(p. 19). Values, according to Chin (2006), are the inherent and generally implicit 
 29 
 
element in all educational processes. Dede (2011) argued that because values appear 
in school goals, activities, and curricula, value-free education is improbable.  
 
According to Swadener and Soedjadi (1988, p. 197), values can be seen as concepts 
or ideas that are related to worthiness and judgements of desirability, and can be 
grouped into either “aesthetic values” (related to the beauty of objects) or “ethical 
values” (related to behaviour). Halstead and Taylor (2000) described values as “the 
principles and fundamental convictions which act as general guides to behaviour, the 
standards by which particular actions are judged as good or desirable” (p. 169).  
 
Values are seen to facilitate learners’ educational and academic decisions and are 
related to motivation, which in turn drives one’s behaviour (Luttrell et al., 2010). Seah 
and Anderson (2015) described values as “a lens through which individuals see the 
world” (p. 169) and claimed that values guide an individual’s decisions and actions. 
Mathematics teaching, and consequently mathematics learning, can be improved 
through a deeper understanding of values in mathematics education (Chin, 2006). 
According to Bishop (1996), values “appear to survive longer in peoples’ memories 
than does conceptual and procedural knowledge which, unless it is regularly used, 
tends to fade” (p. 19). 
 
Hannula (2012) criticised many of the definitions of values, arguing that there is an 
apparent problem in the lack of a clear distinction between values and other affective 
variables. Seah, Davis, and Carr (2017) differentiated between values and beliefs, 
suggesting that values can be thought of as a reflection of what individuals consider 
to be important, as opposed to beliefs which are a reflection of what individuals think 
of as being correct (Seah, Davis, et al., 2017). Furthermore, Swan (2014) 
distinguished attitudes from values, proposing that “attitudes become values as they 
are thoughtfully chosen, prized, cherished, affirmed and acted on repeatedly” (p. 623). 
According to Seah and Anderson (2015), values are neither cognitive nor affective per 
se; rather, values and valuing can be considered as both cognitive and affective in 
nature and values incorporate sociocultural elements as well.  
 
Values indicate an individual’s internalisation and mindfulness of affective factors from 
a sociocultural perspective (Atweh & Seah, 2008; Bishop, 2012; Bishop et al., 2016; 
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Chin, 2006; Krathwohl, Bloom, & Masia, 1964; Seah & Bishop, 2000). A number of 
researchers (Bishop, 1988; Seah, Baba, et al., 2017; Seah, Davis, et al., 2017; Seah 
& Wong, 2012) argued that values, which are best situated in a sociocultural 
perspective of learning, can be seen as a form of culturally-based tools that individuals 
use to guide their actions and behaviour in the learning process. Seah and Wong 
(2012) claimed that values, considered from a sociocultural perspective, can be 
distinguished from other affective constructs, since values are external and cultural in 
nature, while affective variables are internal and personal. 
 
Although there is no fixed or agreed upon definition for the term values, under the 
international WIFI in mathematics learning project values are regarded as: 
 
…the convictions which an individual has internalised as being the things of importance and 
worth. What an individual values defines for her/him a window through which s/he views the 
world around her/him. Valuing provides the individual with the will and determination to maintain 
any course of action chosen in the learning and teaching of mathematics. They regulate the 
ways in which a learner’s/teacher’s cognitive skills and emotional dispositions are aligned to 
learning/teaching in any given educational context.  
(Seah & Andersson, 2015, p. 169) 
 
The above definition of values has been adopted for this research inquiry, and values 
from this perspective are viewed within a sociocultural context (Seah & Wong, 2012). 
Values, in this study, refer to the personal beliefs held by learners that are of 
importance and of worth to them. These values may ultimately influence the learners’ 
behaviour and decision-making. Values in respect of mathematics learning refer to the 
learners’ beliefs regarding those actions which result in effective mathematics 
learning. Identifying values in mathematics learning, from the learners’ perspective, 
involves finding out what the learners feel is of importance and worth in respect of their 
mathematics learning.  
 
 FACTORS INFLUENCING MATHEMATICS ACHIEVEMENT  
 
Mathematics achievement is a multilevel construct as it can be assessed on an 
individual or group level and is often determined by means of assessments that may 
involve numerous formats (Shear, 2014). On an individual level, mathematics 
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achievement refers to the knowledge and skills that an individual has learned within a 
specific domain of mathematics. By contrast, on a group level, mathematics 
achievement relates to the demonstrated learning of a classroom, school, school 
district, state or country (Shear, 2014).  
 
Mathematics achievement is a term used to describe the level or nature of learning 
demonstrated, relative to a specific area in mathematics (Shear, 2014). Lipnevich et 
al. (2016) argued that achieving high levels of mathematics proficiency can be related 
to an individual’s success as well as the success of a country’s economy. In this study, 
mathematics achievement is viewed as the mathematics competence that learners 
display through an evaluative tool such as a standardised test or other form of 
assessment.  
 
Contextual factors such as classroom climate, teacher self-efficacy and availability of 
resources, as well as learner-related factors, for example socioeconomic status, 
parental involvement and home language, are seen as direct stimulants of 
mathematics achievement (Dotterer & Lowe, 2011; Howie, 2006; Mji & Makgato, 2006; 
Mohammadpour & Shekarchizadeh, 2015; Viel-Ruma, Houchins, Jolivette, & Benson, 
2010; Visser, Juan, & Feza, 2015). Learners’ values are also contributing factors 
influencing mathematics achievement (Askew et al., 2010; Dede, 2011).  
 
A considerable body of research (Anderson, Hamilton, & Hattie, 2004; Dotterer & 
Lowe, 2011; Osman, 2012) has revealed that the classroom climate is a key 
component responsible for academic, and in particular mathematics, achievement and 
learning. Researchers (Djigic & Stojiljkovic, 2011; Osman, 2012; Peters, 2013) argue 
that the various dimensions of a classroom climate are closely linked to classroom 
behaviour and learning, which in turn are positively correlated with improvements in 
academic achievement.  
 
Another factor that is seen as a key contributor to improved academic performance 
and mathematics achievement is teacher self-efficacy (Ogah, 2006; Viel-Ruma et al., 
2010). Teacher self-efficacy relates to the beliefs that teachers have regarding their 
own ability to teach their subject matter. A number of studies (Holzberger, Philipp, & 
Kunter, 2014; Ryan, Kuusinen, & Bedoya-Skoog, 2015; Viel-Ruma et al., 2010) 
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indicate a positive relationship between teachers’ self-efficacy beliefs and learner 
achievement.  
 
It can be argued that learners with more educational resources (such as computers 
and books) are more likely to achieve higher mathematics results (Mohammadpour & 
Shekarchizadeh, 2015). In the South African context, there is a consensus that the 
degree of availability or lack of school resources can influence educational outcomes 
(Mji & Makgato, 2006; Ntuta & Schurink, 2010; Schollar, 2015; Visser et al., 2015). 
Mohammadpour and Shekarchizadeh (2015) agreed that the accessibility of 
resources influenced academic achievement positively at high-achieving schools. 
However, it is notable that the results of the same study found no significant link 
between achievement and resources available at low-achieving schools 
(Mohammadpour & Shekarchizadeh, 2015).  
 
In yet another South African study, Howie (2006) found that family socioeconomic 
status influences secondary school learners’ mathematics achievement. A study 
conducted in Uganda also confirmed this finding (Kiwanuka, Van Damme, Van Den 
Noortgate, Anumendem, & Namusisi, 2015).  
 
A number of researchers (Henderson & Mapp, 2002; Kiwanuka et al., 2015; Knapp, 
Landers, Liang, & Jefferson, 2017; Mji & Makgato, 2006) agree that parental 
involvement has a positive influence on learners’ mathematics achievement. However, 
other researchers (Hampden-Thompson, Guzman, & Lippman, 2013; Robinson & 
Harris, 2014) contend that some types of parental involvement, such as helping with 
homework, have no effect or may even have a negative effect on learners’ educational 
outcomes. 
 
Language proficiency is a further factor that can be linked to mathematics 
achievement. In an English medium school, for instance, fluency and an improvement 
in English can lead to an improvement in mathematics achievement (Setati, Chitera, 
& Essien, 2009). Spaull (2013) argued that language proficiency, amongst other 
factors, is a major contributor to the severe inequalities of educational outcomes that 
persist in South African schools. For example, it is advantageous for learners who 
speak English as a home language to be at an English medium school as they will find 
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it easier to understand the language of teaching. On the other hand, learners who 
speak a different home language might not be as fluent and therefore might face 
challenges in an English medium school. Furthermore, studies in respect of the effect 
of language in education indicated the importance of language in relation to 
achievement in general and mathematics achievement in particular (Howie, 2003).  
 
Among the many factors that are seen to affect mathematics achievement, cultural 
values have emerged as an influential contributor in advancing the quality of 
mathematics teaching-and-learning, and consequently mathematics achievement 
(Dede, 2006, 2011). Askew et al. (2010) agreed that “high attainment [in school 
mathematics] may be much more closely linked to cultural values than to specific 
mathematics teaching practices” (p. 12). Cultural values manifest the culture of those 
people who demonstrate them (Bishop, 2001). 
 
 THE NATURE OF MATHEMATICS IN TERMS OF VALUES  
 
The importance of values in mathematics (see section 2.3), perspectives on 
mathematics learning (see section 2.4), the role of affective constructs in mathematics 
(see section 2.5), values in mathematics teaching-and-learning (see section 2.6), and 
factors influencing mathematics achievement (see section 2.7) all relate to the notion 
of mathematics. Thus, it is necessary to consider the nature of mathematics, and for 
this study specifically, in relation to values. 
 
Around the world, throughout time, human beings have used mathematics, in some 
way or other (for example in everyday tasks such as shopping and cooking, in 
business or trade, etc.). Also, in present times, mathematics is considered to hold a 
high social value and is often seen as a doorway to social resources and power 
(Bishop, 2001; Hassi & Laursen, 2015). Mathematics encompasses cognitive and non-
cognitive factors, which influence and help explain learners’ mathematics achievement 
(Hassi & Laursen, 2015; Lipnevich et al., 2016). Mathematics learning, according to 
Bishop (2001), can be viewed in terms of six universal activities, namely: “counting, 
measuring, locating, designing, explaining and playing” (p. 347). These activities are 
influenced by cultural values and reflect the culture of those who demonstrate them 
(Bishop, 2001). However, there is a common conception that mathematics is a value-
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free or value-neutral subject, totally different from everyday life (Dede, 2006; Pa & 
Tapsir, 2013; Seah & Peng, 2012). Mathematics is viewed by several individuals as 
an objective, scientific discipline that is concerned with truth or facts.  
 
Despite the conventional perspective of mathematics as a scientific domain of study 
that is based purely on abstract reasoning, some researchers (Atweh & Seah, 2008; 
Dede, 2011) have argued that many people associate strong emotional reactions to 
mathematics, mathematical thinking and mathematical learning. Grootenboer and 
Marshman (2016) agreed that emotions are a central and vital part of mathematics 
and mathematical learning. For example, learners who associate negative emotions 
with mathematics (commonly referred to as mathematics anxiety) tend to use lower-
order learning strategies, such as memorisation or repetition, while learners who 
express positive emotions are inclined to have greater persistence when engaging in 
mathematical learning situations (Grootenboer & Marshman, 2016). Thus, the 
emotions associated with mathematics may ultimately influence mathematics learning. 
Recent research (Atweh & Seah, 2008; Bishop, 2002; Limbaco, 2015) has indicated 
that mathematics is value-loaded and mathematics education cannot escape values. 
Atweh and Seah (2008) argued that values are not only inscribed in mathematics 
education but are reflected in all policy and curriculum statements as well as in 
pedagogical practices and assessments.  
 
Bishop (2002) argued that over the last two decades of the previous century there was 
an increasing concern regarding cultural issues in mathematics education and that 
“there has been a realisation that mathematics knowledge is a cultural product and 
mathematics education is culturally shaped” (p. 120). Atweh and Seah (2008) claimed 
that numerous recent curriculum documents in mathematics, particularly in Australia, 
view mathematics as a subject that is not objective or absolute, but rather consider 
mathematics as of a set of values within a particular context. Limbaco (2015) argued 
that one of the key problems in mathematics education is the way learners and 
teachers view mathematics, for example, as a scientific domain, “disconnected from 
everyday life and the socio-cultural foundation which it has originally come from” (p. 
94).  
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Bearing in mind all these perspectives, mathematics in this study is considered as a 
culturally-shaped discipline. Mathematics as a subject involves both cognitive and 
affective elements such as attitudes, beliefs, emotions and values.  
 
 PROJECTS ON VALUES IN MATHEMATICS  
 
An earlier study on values, funded by the Australian Research Council and known as 
the Values And Mathematics Project (VAMP), was conducted from 1999 to 2001 and 
made a valuable start in exploring the field of values in mathematics education (Bishop 
& Clarke, 2005; FitzSimons, Seah, Bishop, & Clarkson, 2000; Seah, 2003). One of the 
key intentions of the VAMP was to explore and document mathematics teachers’ 
understanding of their personal intended and implemented values (Seah, 2003). A 
further aim of the project was to assess the extent to which mathematics teachers can 
gain control over their own values in order to optimise the possibilities for more 
effective mathematics teaching through values education (Seah, 2003). Results from 
the VAMP revealed that mathematics teachers are generally not mindful of the values 
associated with mathematics teaching. Teachers did not always portray the values 
that were intended and the values that were portrayed were not always those that 
were intended (FitzSimons et al., 2000; Seah, 2003). Although this project contributed 
to the research on values education, the focus was on teachers’ values as opposed to 
learners’ values. Thus, research establishing what learners value in mathematics is 
still relatively recent and limited. 
 
A more recent endeavour to research values in mathematics education has originated 
from the international research consortium the Third Wave Project, which intends to 
determine how values can be utilised to optimise mathematics teaching-and-learning 
(Seah & Wong, 2012). The WIFI in mathematics learning study involves researchers 
from various countries and forms part of this Third Wave Project. The WIFI in 
mathematics learning study aims to identify what the learners value and what they find 
important in their mathematics experiences, in order to try to improve mathematics 
teaching-and-learning (Seah & Barkatsas, 2014).  
 
Values education research in the South African context, particularly in mathematics 
education, is rather scarce. Towards the end of 2015 South Africa was invited to 
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participate in the international WIFI in mathematics learning study and a South African 
research team was established. This study forms part of the larger project and aims 
to contribute to research in values and valuing in mathematics education, within a 
South African context.  
 
 PREVIOUS RESEARCH FINDINGS IN RESPECT OF THE WIFI IN 
MATHEMATICS LEARNING PROJECT 
 
The WIFI in mathematics learning study is a large-scale international study conducted 
across 18 countries by a consortium of 21 research teams. Each research team 
utilises a standardised questionnaire aimed at assessing learners’ values in respect 
of their mathematics learning and mathematics education experiences (Zhang et al., 
2015). Japan conducted a study in 2012 focusing on Grade 5 and Grade 9 learners 
from seven elementary schools and seven junior high schools, aiming to describe the 
values that these learners associate with mathematics and to analyse similarities and 
differences in values between the different grades (Shinno, Kinone, & Baba, 2014). 
There were 605 Grade 5 participants and 711 Grade 9 participants from various 
schools, including public and national schools from both urban and rural areas. The 
key findings of the study revealed that the common values held by Grade 5 learners 
are process, effort, exploration, fact, openness and progress, while Grade 9 learners 
tend to value product, ability, exposition, idea, mystery and control most (Shinno et al., 
2014).  
 
A different study (Zhang et al., 2015), also utilising the WIFI in mathematics learning 
questionnaire, was conducted in East Asia in 2014. The study was conducted across 
three different countries, namely Hong Kong, China, and Taiwan, involving 1 386 
primary school learners between the ages of 11 and 12 years. The study focused on 
comparisons in respect of the learners’ values in these regions. Zhang et al. (2015) 
reported that the participants from each of these countries have six common value 
orientations, namely achievement, relevance, practice, communication, Information 
and Communications Technology (ICT), and feedback, in order of importance.  
 
A third study of the WIFI in mathematics learning project conducted in 2017 compared 
two high performing economies in the Programme for International Student 
 37 
 
Assessment (PISA) study, namely Hong Kong and Japan (Seah, Baba, et al., 2017). 
There were 1 081 participants from Hong Kong (367 primary school learners and 714 
secondary school learners) drawn from various regions and 3 818 participants from 
different regions in Japan, (1 631 primary school learners and 2 187 secondary school 
learners) (Seah, Baba, et al., 2017). The results from this study showed that the Hong 
Kong participants value explorations, alternate approaches, mathematics identity, 
recall, ICT, feedback, application and expositions; while the Japanese participants 
value wonder, creativity, results, others’ involvement, know-how, ICT, discussion, 
reality and mystery.  
 
One of the current limitations of the WIFI in mathematics learning project is the “over-
representation of Asian nations/economies amongst the participants” (Seah & Wong, 
2012, p. 41). This shortcoming makes research on the African continent in general, 
and this study based in South Africa in particular, especially valuable. 
 
 THEORETICAL FRAMEWORK  
 
While it is challenging to define the term theoretical framework, as it does not have a 
specific, distinct or stable definition, it can plausibly be viewed as an empirical or quasi-
empirical theory of social and/or psychological processes that can be utilised in 
explaining and comprehending certain phenomena (Anfara & Mertz, 2014). The 
theoretical framework of a study provides the structure and underlying assumptions in 
relation to the social world and facilitates the design, organisation and implementation 
of the research (Clark & Ivankova, 2015). 
 
The theoretical framework underpinning this study is based on the two separate, 
though related, value theories of Bishop (1996) and Hofstede (1997) and a third theory 
of Stigler and Baranes (1988) which focuses on the role that culture plays in 
mathematics education. The first value theory is grounded in Bishop’s (1988, 1996) 
conception of values, particularly the categorisation of values into six value clusters 
and the categorisation of values in the mathematics classroom. A secondary value 
theory informing this theoretical framework is the cultural dimensions theory developed 
by Hofstede (1997, 2011). Lastly, the role of culture in mathematics as discussed by 
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Stigler and Baranes (1988) is a supporting theory underlying this theoretical 
framework.  
 
 Bishop’s (1996) conception of values in mathematics education 
 
Mathematics education is often perceived as a scientific domain of study, one that is 
value-free and entirely centred on abstract reasoning (Dede, 2006; Limbaco, 2015). 
However, in the 1980s and 1990s, Bishop (1991, 1996), started to highlight the 
importance of the role that values play in mathematics education. Bishop (1991, 1996) 
argued that democratic education involves educating learners about values and hence 
suggested that mathematics teachers should give more attention to the values 
transmitted during the teaching-and-learning process. There is a growing body of 
research (Askew et al., 2010; Atweh & Seah, 2008; Bishop et al., 2006; Seah, 2018; 
Seah, Baba, et al., 2017) suggesting that the teaching-and-learning of mathematics 
cannot escape values. Education involves the inculcation of values, which often occurs 
implicitly in mathematics classrooms (Atweh & Seah, 2008; Dede, 2006; Limbaco, 
2015). Values are innate to the mathematics educational process (Chin, 2006) and 
appears to be a major contributor in advancing the quality of mathematics teaching-
and-learning (Dede, 2006).  
 
According to Bishop et al. (2016), the emphasis of school mathematics curricula in 
most countries have, over the years, focused primarily on skills attainment and 
techniques with the view that mathematics is something that is done as opposed to 
something that is thought about, imagined, or felt. Due to the prevalent view of 
mathematics as being a value-free subject, it is uncommon to find teachers explicitly 
teaching values during a mathematics lesson (Bishop, 1996). More often than not, the 
teaching of values in mathematics classrooms takes place implicitly through the 
actions of the teacher. What should be of concern to parents, curriculum planners and 
other educational stakeholders, is the limited understanding and knowledge available 
about what values are being transmitted, as well as the effectiveness of this 
transmission (Köhler & Hannafor, 2002). 
 
Research studies (Dede, 2011; Österling, 2013; Seah, 2003, 2008, 2010; Seah, Baba, 
et al., 2017; Seah & Peng, 2012; Zhang et al., 2015) relating to the role of values and 
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valuing in mathematics education are grounded on the work initiated by Bishop (1991). 
Bishop (1991) suggested three complementary pairs of values for ‘Western’ 
mathematics, namely general educational values, mathematical values and 
mathematics educational values (see sub-sections 2.11.1.1, 2.11.1.2 and 2.11.1.3).  
Bishop (1991) acknowledged that values in mathematics manifest across various 
levels in educational organisations, namely societal, institutional, pedagogical and 
individual levels. Figure 2.1 illustrates these levels within a South African context.  
Figure 2.1: Mathematics values across various levels within a South African context 
(adapted from Bishop (1991))  
 
At a societal level, the official and prescribed mathematics curricula and mathematics 
admission requirements to higher education institutions are indicative of the values to 
which a society ascribes (Atweh & Seah, 2008). At an institutional level, the role that 
mathematics plays in the school curriculum, the time allocated to mathematics in 
relation to other subjects, and the school organisational practices demonstrate the 
values associated with mathematics (Atweh & Seah, 2008). At a pedagogical and 
teaching level, the tendency of a teacher to emphasise certain aspects of mathematics 
or to promote certain strategies, such as problem-based activities, is a representation 
of the values that the teacher places on mathematics (Atweh & Seah, 2008; Seah, 
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2003). Lastly, on an individual level, the importance the individual places on 
mathematics by trying to achieve the best test results or spending a great deal of time 
completing homework tasks or other mathematical activities, may suggest the value 
that a person associates with mathematics (Atweh & Seah, 2008).  
 
In a classroom context teachers are often required to make decisions and choices 
which are influenced by their values and, in turn, these decisions implicitly influence 
their learners’ values (Bishop, 2001). From a perspective that views values as 
reflections of one’s choices, it is easier to measure teacher values, since teachers 
have more control over the choices made regarding classroom activities and decisions 
(Bishop & Clarke, 2005). Therefore, it can be argued that it is rather challenging to 
study children’s values as learners are not as involved as the teacher in the decision 
making process of the classroom (Bishop & Clarke, 2005).  
 
Critical to Bishop’s (1996) value theory is the classification of values into three 
categories that are prevalent in mathematics classrooms. The three groups of values 
are “general educational values, mathematical values and mathematical educational 
values” (Bishop, 1996, p. 19). Figure 2.2 provides and illustration of the categorisation 
of values.  
 
Figure 2.2: Bishop’s (1996) categorisation of the types of values in 
mathematics classrooms 
Mathematics 
classrooms 
Mathematical 
Educational 
Values 
General 
Educational 
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 General educational values 
 
General educational values refer to values, morals and qualities which help teachers, 
schools, culture and society to improve (Bishop, FitzSimons, Seah and Clarkson, 
1999; Dede, 2006). General educational values often have moral implications that are 
taught and promoted across various school subjects and are not mathematical in 
nature (Bishop et al., 1999; Seah, 2013). Ethical values such as honesty, integrity, 
kindness, respect, good behaviour, organisation and obedience are examples of 
general educational values (Bishop et al., 1999; Dede, 2006; Seah & Bishop, 2006). 
These general educational values are emphasised with the intention of encouraging 
learners to be law-abiding and to follow rules (Bishop, 1996). For example, a teacher 
may punish or reprimand a learner for cheating in a test, thus advocating that 
dishonesty is unacceptable and improper behaviour. In mathematics classrooms, 
teachers may promote general educational values by using the context of a 
mathematics practice question to address general or societal issues such as gambling 
or environmental conservation (Bishop et al., 1999).  
 
According to Seah and Anderson (2015), the Australian Department of Education 
advocates the general educational value of diversity in education which is also relevant 
in a South African context. Most South African classrooms are highly diverse and 
multicultural in nature as reflected in the Curriculum and Assessment Policy Statement 
(CAPS) document (Department of Basic Education, 2011). Consequently, teachers 
and learners must be aware of various cultures within the classroom and respect this 
diversity to promote a democratic society and to uphold the South African Constitution. 
Mutual respect, inclusive education, and equality for all are examples of general 
educational values that have an especial importance in South African classrooms.  
 
 Mathematical values 
 
Mathematical values form the second category of values Bishop (1996) identified in 
the mathematics classroom. These mathematical values originated from the way 
several mathematicians from various cultures established the field of mathematics 
(Bishop, 1996; Bishop et al., 1999). 
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Bishop (1988) identified six mathematical values associated with the discipline of 
Western mathematics that are structured along three complementary pairs of value 
dimensions namely “ideological values, sentimental values and sociological values” 
(p. 105) (see Table 1.1 in section 1.6). Each of the three dimensions of values yields 
a complementary pair of mathematical values (Bishop, 1991). The three 
complementary pairs of mathematical values are “rationalism and objectivism; control 
and progress, and openness and mystery” (Bishop et al., 1999, p. 3). Each of these 
six mathematical values are emphasised by mathematics teachers, either explicitly or 
implicitly, in their teaching and they may be inclined to promote certain mathematical 
values more than others (Bishop, 2001). 
 
 Ideological dimension comprising rationalism and objectivism 
 
Bishop (2001) claimed that rationalism is the dominant value that people associate 
with mathematics. Rationalism suggests valuing deductive logic, logical and 
hypothetical reasoning, and proofs that are concerned with the correctness of results 
and explanations (Bishop et al., 2016; Bishop, 2001; Dede, 2011; Dede, 2006; 
Österling & Andersson, 2013). Rationality, according to Dede (2006), is an indication 
of the value (i.e. worth and importance) that people place on mathematics.  
 
A teacher who values rationalism may encourage learners to debate and argue with 
each other, may show learners multiple methods of solving a problem, and emphasise 
the proving of theorems (Bishop, 2008; Seah, 2008). Valuing rationalism involves 
showing the learners proofs from mathematical history, for instance various proofs of 
the Pythagorean theorem using different dimensions (Bishop, 2008).  
 
According to Bishop (2001, 2008), objectivism involves the application of mathematical 
knowledge and places an emphasis on concretising and symbolising concrete 
representations. Objectivism acknowledges that mathematics comprises objects and 
symbols which have been created by mathematicians throughout history and which 
are utilised to define the discipline and make the abstract language of mathematics 
more concrete (Bishop, 2001; Dede, 2006; Österling & Andersson, 2013).  
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A teacher who values objectivism will allow and encourage learners to come up with 
their own symbols and terminology before showing them the accepted ones (Bishop, 
2008; Seah, 2008). The teacher will make use of diagrams and visual representations 
to illustrate algebraic relationships and the teacher will emphasise the use of simple 
and concise symbols (Bishop, 2008; Seah, 2008).  
 
 Sentimental dimension comprising control and progress 
 
The sentimental dimension, comprising the values of control and progress, is also 
classified as an attitudinal value that guides mathematical development (Bishop, 
Clarke, Corrigan, & Gunstone, 2006). According to Bishop (2008), control 
“emphasises the power of mathematical knowledge through the mastery of rules, 
facts, procedures and established criteria” (p. 85). The control value stresses the 
importance of procedures and the ability to predict and apply ideas to situations in the 
environment (Bishop & Clarke, 2005; Österling & Andersson, 2013). Bishop (2001) 
argued that the control value is one of the leading reasons why people like 
mathematics, a subject that appears to be secure knowledge with correct answers that 
can always be checked and controlled (Bishop & Clarke, 2005; Bishop, 2001; Dede, 
2006).  
 
A teacher who values control will encourage learners to analyse and understand why 
routine procedures or calculations and algorithms just seem to work (Bishop, 2008; 
Bishop, 2001). Such teachers do not just emphasise correct answers, but rather look 
at why the answers are right or why other answers will not be correct (Bishop, 2008). 
Valuing control will lead to explanations and discussions of where in real life and 
society the mathematical knowledge and ideas can be used (Bishop, 2001). 
 
The complementary value to control is progress, which is about being able to explore 
and progress with ideas (Bishop & Clarke, 2005; Bishop, 2001). Mathematics is seen 
as secure knowledge and mathematicians are able to explore and generate new ideas, 
which refer to the value of progress (Bishop, 2001). Progress involves abstracting and 
making generalisations through alternative theories to further the growth and 
development of mathematics (Bishop, 2008; Bishop, 2001; Seah, 2008). Valuing 
progress entails questioning existing theories and developing new methods and ideas 
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with the aim of advancement and making generalisations from specific examples. A 
teacher who values progress will encourage learners to look for alternative, non-
routine methods (Bishop, 2008).  
 
 Sociological dimension comprising openness and mystery 
 
According to Bishop (2001, 2008), the mathematical value of openness originates from 
mathematicians using demonstrations, proofs, and individual explanations to verify 
their ideas and democratise mathematical knowledge. Openness values mathematical 
facts and truths, validation, universality, individual liberty and sharing, thus making 
mathematics a democratic subject (Dede, 2006; Österling, 2013). In addition to 
establishing validity of arguments and propositions, an additional characteristic of 
openness is to expose weaknesses, deficiencies, or errors (Seah & Bishop, 2000). A 
teacher who values openness will encourage learners to defend and justify or explain 
their ideas to the whole class (Bishop, 2008; Bishop, 2001). Learners may also be 
given the task of creating posters to display their ideas openly or to present their ideas 
and thoughts on a web page (Bishop, 2001).  
 
The complement to openness is mystery. Bishop and Seah (2000, p. 7) argued that 
mathematics “has not lost its mystery” and it is this mystery that attracts 
mathematicians to the subject. Even though mathematics is open to validation and 
correction, it remains a challenge and mystery to many. It is difficult to identify the 
origins of mathematics, who the inventors are or what is or is not mathematics 
(Österling, 2013). Mystery as a mathematical value emphasises that mathematics is 
abstract and mathematical ideas have a sense of wonder, mystique and fascination 
(Bishop, 2001; Dede, 2006). The following axiom is an example of mystery in 
mathematics: if the circumference of any circle is divided by its diameter the answer 
always results in an irrational constant known as pi (𝜋) (Bishop, 2008; Bishop, 2001; 
Dede, 2006). Other fascinating mathematical mysteries include the Fibonacci 
sequence and the Golden ratio. Bishop (2001) contended that anyone who has 
engaged in mathematical problem solving or has tried to solve a mathematical puzzle 
would recognise the mystery, wonder, and surprise of mathematics. Teachers who 
value mystery will tell mathematical stories and stimulate learners’ imaginations with 
mathematical images and mathematical mysteries (Bishop, 2001). 
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 Mathematics educational values 
 
The third type of values in mathematics classrooms identified by Bishop (1996) is 
referred to as mathematics educational values. Mathematical educational values are 
those values concerned with the pedagogy of mathematics and are specific to the 
institution in which learning takes place and to the teacher and classroom context 
(Atweh & Seah, 2008). Mathematics educational values allude to the norms and 
practices that mathematics teachers encourage implicitly and explicitly in their practice 
(Bishop et al., 1999). Often the mathematical and educational values are promoted 
implicitly in school textbooks and, to a lesser extent, are reflected in the school ethos 
(Bishop et al., 1999; Österling, 2013). Atweh and Seah (2008) argued that 
mathematics educational values are situated within a particular sociocultural context, 
which makes mathematics educational values more subjective in nature as well as 
context-dependent and context-specific. Mathematics educational values indicate 
which values are considered important in the learning of mathematics and are 
therefore more exposed to cultural influences than mathematics values are (Lee & 
Seah, 2015).  
 
An example of mathematics educational values is a teacher insisting that all working 
must be shown step-by-step when solving a mathematics problem. Such a teacher 
could be seen as valuing a systematic, logical approach that emphasises process over 
product (Bishop et al., 1999). A further example is a teacher encouraging learners to 
double check their answers or to test their answers to equations by means of 
substitution, therefore fostering the value of accuracy (Bishop et al., 1999). Atweh and 
Seah (2008) claimed other mathematical values that teachers could promote may 
include a learner-centred approach to learning or the use of mathematics games in 
their teaching. Some teachers may encourage reasonable levels of chatter in their 
classrooms and other teachers may promote assessment, depending on their 
individual beliefs and values (Atweh & Seah, 2008). Teachers often expect and 
encourage learners to “know their times tables” for instance, which is an indicator of 
the mathematical educational value of recalling, while “practicing lots of questions” 
may be an indicator of valuing effort (Österling, 2013, p. 28).  
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Although the mathematical educational values that teachers present and transmit may 
vary across cultures, Seah and Bishop (2000) outlined five complementary pairs of 
mathematics educational values which they argued are frequently portrayed in 
mathematics classrooms. These five complementary pairs of mathematics 
educational values, namely “formalistic-activist; instrumental-relational; relevance-
theoretical; accessibility-specialism and evaluating-reasoning”, represent a continuum 
rather than conflicting or contrasting values (Seah & Bishop, 2000, p. 8). Figure 2.3 
provides a summary of these five values. 
 
 
Formalistic 
A formal approach to mathematics 
learning. Mathematics learning is 
the product of deductive reasoning.  
 
 
Versus 
 
Activist 
An active approach to mathematics 
learning. Mathematics learning is as the 
result of discovery and intuitive thinking.  
Instrumental 
Emphasis on learning rules, 
procedures, operations and 
formulas.  
 
Versus Relational 
Emphasis on displaying the relationship 
between concepts and generating visual 
representations.  
Relevance 
Mathematics is relevant and can be 
used to solve daily problems and 
help society progress. 
 
Versus Theoretical 
Mathematics is theoretical knowledge with 
little relevance or relation to real life.  
 
Accessibility 
Mathematics should be easily 
accessible and available to all. 
Versus Specialism 
Mathematics is a specialised field of 
knowledge only available to a special 
group of mathematicians. 
 
Evaluating 
 
Versus Reasoning 
Knowing Using routine  
 procedures 
  Investigating Problem  
 solving Communicating 
  
 
 
Uses mathematics knowledge to 
evaluate unknown answers. 
   
Uses mathematics knowledge to reason, 
communicate ideas and spread 
knowledge.  
 
Figure 2.3: Five complementary pairs of mathematics educational values 
(adapted from Dede, 2006, 2011; Seah & Bishop, 2000) 
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The formalistic end of the formalistic-activist continuum sees mathematics learning as 
a product of deductive reasoning and regards mathematics as a “cultural heritage 
worth preserving”, while the activist side of the continuum views mathematics learning 
as a result of discovery and intuitive thinking (Seah & Bishop, 2000, p. 8). The 
instrumental-relational understanding scale ranges from learning rules, procedures, 
operations and formulas (instrumental) to displaying the relationship between 
concepts and generating visual representations (relational). The relevance-theoretical 
knowledge band extends from the former emphasising mathematics knowledge and 
skills to solve daily problems and finding inventive ways in which society can progress, 
while the latter refers to theoretical knowledge that has little or no familiarity in an 
everyday context (Dede, 2011; Seah & Bishop, 2000). The accessibility-specialism 
continuum varies from accessibility, which promotes mathematics as a discipline that 
is available to all, to specialism suggesting that mathematics is only available to some, 
a select, elite group of gifted mathematicians (Dede, 2011; Dede, 2006; Seah & 
Bishop, 2000). Lastly, the evaluative-reasoning continuum is spread along five stages, 
namely: a) knowing, b) using routine procedures c) investigating and problem solving 
d) reasoning and e) communicating (Dede, 2011; Seah & Bishop, 2000). The first three 
of these five stages involve the use of mathematical knowledge to evaluate unknown 
answers, while the last two stages are more inclined to use mathematical knowledge 
in order to reason, communicate ideas, and spread knowledge (Dede, 2011; Dede, 
2006; Seah & Bishop, 2000).  
 
The preceding discussion of values in mathematics education is grounded in the work 
of Bishop (1988). Bishop’s (1988) theory on the importance of values in mathematics 
teaching-and-learning, provides a theoretical lens that guides this study.  
 
 Hofstede’s (1997, 2004, 2011) cultural dimensions value theory 
 
Hofstede (1997) initially developed the cultural dimensions theory. This theory proved 
to be a popular research paradigm in the field of comparative cross-cultural 
management studies (Hofstede, 1997; Hofstede, Hofstede, & Minkov, 2010; Minkov & 
Hofstede, 2012; Wursten & Jacobs, 2013).  
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According to Hofstede (2011), culture can be defined as “the collective programming 
of the mind that distinguishes the members of one group or category of people from 
others” (p. 3). A fundamental premise of Hofstede’s theory is that, similar to a 
computer, the mind is programmed and the social environment in which one grows up 
is the source of these mental programmes (Hofstede, Hofstede, & Minkov, 2010). This 
mental programming of the mind relies on individuals’ life experiences that “start off in 
the family, continue in the neighbourhood, at school, in youth groups, at the workplace 
and in the living community” (Hofstede et al., 2010, p. 5).  
 
Hofstede (1997) claimed that each culture, which in the context of this research may 
be a classroom, can be individually defined along five cultural dimensions. Initially, 
Hofstede’s (1997) value classification system consisted of four dimensions, namely: 
a) power distance b) individualism and collectivism, c) uncertainty and avoidance and 
d) masculinity and femininity. Later, Hofstede (1997) and Bond (1988) (cited in 
Girlando & Eduljee, 2010) developed a fifth dimension, namely long-term orientation 
and short-term orientation (see Tables 2.1; 2.2; 2.3; 2.4 and 2.5) (Girlando & Eduljee, 
2010).  
 
These dimensions were not attained through a direct measure of values. On the 
contrary, Hofstede et al. (2010) utilised measures of cultural practices that were 
visible. The visible cultural practices are activities and tasks in which teachers and 
learners in a mathematics classroom engage (Österling, 2013).  
 
 Power distance  
 
Power distance, according to Hofstede’s (2011) cultural dimensions theory, refers to 
the degree to which less powerful members within a society or an institution, such as 
a school or the workplace, recognise and accept that power is unevenly allocated. 
High power distance societies exist where people with less power accept their situation 
(Cronjé, 2011).  
 
In a classroom context, power distance can refer to the reliance on or dependence of 
learners on authorities, such as teachers or the school principal. One indicator of 
power distance is the manner in which learners address their teachers. For example, 
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in some cultures teachers are addressed by their first names, while in other cultures 
learners are requested to call their teacher by their last name (Österling & Andersson, 
2013). Societies with low power distance promote learner-centred learning, while high 
power distance societies emphasise teacher-centred education (Hofstede, 2011). 
Hofstede and Hofstede (2004) discussed some of the key differences generated in 
schools between low power distance and high power distance societies, which are 
summarised in Table 2.1.  
 
Table 2.1: Key differences between low and high power distance societies that 
exist in schools (adapted from Hofstede & Hofstede, 2004) 
Low power distance High power distance 
Teachers are treated equally with learners. 
They act as experts who transfer objective 
truths and facts.  
 
Teachers are viewed as superior to the 
learners and must be respected always. 
Teachers are authorities that transfer 
subjective knowledge.  
 
Learners are active participants in the 
classroom and are expected to interact and 
take initiative in the teaching-and-learning 
process.  
 
Teachers dominate and take initiative in the 
classroom. Learners are more passive.  
The quality of education relies on mutual 
communication and interaction between 
teacher and learners.  
 
The quality of education is dependent on the 
excellence of the teacher.  
 
 Individualism and collectivism  
 
Knowledge and learning are valued differently in individualist and collectivist cultures. 
Hofstede (2011) described individualism and collectivism on a societal level as the 
extent to which people are integrated into groups within a society, rather than an 
individual characteristic. The key differences between individualism and collectivism 
and the relation of these dimensions to education are outlined in Table 2.2.  
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Table 2.2: Key differences between individualism and collectivism and the 
relation of these dimensions in schools (adapted from Hofstede & Hofstede, 
2004; Hofstede, 2003, 2011)  
Individualism  Collectivism  
People look after themselves and their 
immediate families. Concerned with oneself 
or immediate family. 
Extended families and community look after 
one another and there is an extent of 
unquestionable loyalty. Consideration of 
others. 
 
Loose relationships between people, for 
example between teachers and learners or 
learners and learners.  
Tight relationships exist between people, for 
instance a strong relationship between 
teachers and learners or between learners in 
the classroom or school.  
 
The purpose of education is to learn how to 
learn and to promote individual life-long 
learning.  
The purpose of education is learning how to 
do things and to educate individuals with 
knowledge to benefit the society.  
 
Goals and aims are self-orientated, personal 
and guided by the individual.  
Goals and aims are work-related and guided 
by the institution or workplace. 
 
 
Cronjé (2011) explained Hofstede’s individualism-collectivism dimension as the level 
at which people are expected to take care of themselves or belong to and stay 
integrated into groups. Individualism and collectivism are opposites and this dimension 
can be viewed as a continuous index scale on which nations can be positioned, as 
being more or less individualist or collectivist (Österling, 2013). The individualism-
collectivism continuum can be seen as a measure of how important the interest of the 
group is (collectivist), as opposed to the interest of the individual (Hofstede, 1997). 
  
In individualist cultures the purpose of education is how to learn, whereas in collectivist 
cultures the focus of education is on hands-on activities (Hofstede, 2011). The 
relationships between people from individualistic cultures are loose and it is expected 
that these individuals look only after themselves and immediate families (Hofstede, 
2011). On the other hand, collectivist cultures assimilate and unite individuals into 
cohesive groups from birth and it is common for extended families to offer protection 
to individuals, who in turn are loyal to their respective groups (Hofstede, 2011). 
Schools in individualist societies aim to educate individuals so that they are 
independent and to provide them with essential proficiencies that are required for 
lifelong learning. In contrast, schools in collectivist societies deliver knowledge that is 
 51 
 
valuable for the society rather than the individual only (Hofstede, 1997; Österling & 
Andersson, 2013). 
 
 Femininity and masculinity  
 
Hofstede (2011) defined the societal characteristic of masculinity, and its counterpart, 
femininity, as the allocation of emotional roles amongst male and female genders 
within a society. The main differences between femininity and masculinity and the 
relation of these dimensions in education are illustrated in Table 2.3. 
 
Table 2.3: Key differences between femininity and masculinity and the relation 
of these dimensions in schools (adapted from Hofstede & Hofstede, 2004; 
Hofstede, 2003, 2011) 
Femininity  Masculinity  
Feminine societies value modesty and 
security.  
 
Masculine societies value challenge and 
competitiveness.  
Gender roles overlap.  
 
Gender roles are clear-cut.  
People-orientated. Learners look out for 
each other and the greater good of the class 
or school.  
 
Self-orientated. Learners compete with one 
another and desire individual success.  
Average performance amongst learners is 
normal.  
 
Above average performance amongst 
learners is valued and seen as normal.  
 
In a masculine society, emotional gender roles are visibly distinct. A feminine society, 
on the other hand, incorporates an overlap of emotional gender roles (Hofstede & 
Hofstede, 2004). The femininity-masculinity dimension relates to gender equality and 
the distribution of emotional roles between males and females, while opposing tough 
masculine societies to tender feminine societies (Cronjé, 2011; Österling, 2013). In 
relation to the value dimension of masculinity, values such as competitiveness and 
challenge are associated with males, while values such as modesty and security are 
linked to females (Österling, 2013). Masculine cultures emphasise performance and 
achievement. Status is an indication of success, whereas feminine cultures focus less 
on status and have a ‘’people orientation’’ (Wursten & Jacobs, 2013, p. 10). 
Masculinity and femininity are seen as opposites. A masculine society views men as 
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assertive and fixated on material success and women as more focused on the quality 
of life, while a feminine society views both men and women as being equally 
concerned with the quality of life (Girlando & Eduljee, 2010). 
 
 Uncertainty and avoidance 
 
The uncertainty-avoidance dimension refers to the extent to which a society accepts 
uncertainty and feels comfortable in unstructured and new situations (Hofstede, 2011). 
Uncertainty avoidance can be seen as the “level of stress in a society in the face of an 
unknown future” (Hofstede, 2011, p. 8). Table 2.4 highlights the main differences 
between low uncertainty avoidance and high uncertainty avoidance, and the relation 
of these dimensions in education.  
 
Table 2.4: Key differences between low uncertainty avoidance and high 
uncertainty avoidance, and the relation of these dimensions in schools 
(adapted from Hofstede & Hofstede, 2004; Hofstede, 2011) 
Low uncertainty avoidance  High uncertainty avoidance  
Individuals feel comfortable and encourage 
ambiguous or uncertain situations.  
Individuals feel uncomfortable and 
threatened in ambiguous or uncertain 
situations. 
 
Rules are not a priority and unstructured 
situations are welcomed.  
Strong desire for rules, structure and 
certainty.  
 
Learners are comfortable with open-ended 
questions and discussions.  
Learners prefer structure and definite 
answers to close-ended questions.  
 
Teachers do not have to know all the 
answers and can say ‘I don’t know’.  
Teachers are expected to know all the 
answers and have all the information. 
 
 
People from cultures with high uncertainty avoidance are more emotional and feel 
threatened by unfamiliar and ambiguous situations and have a strong value for rules 
and structure (Hofstede, 2011; Wursten & Jacobs, 2013). The uncertainty avoidance 
dimension affects the way in which people learn (Wursten & Jacobs, 2013). Schools 
that value uncertainty avoidance want structure and fixed, closed-ended and right 
answers as opposed to open-ended questions (Österling & Andersson, 2013). On the 
other hand, low uncertainty avoidance in schools encourages and expects learners to 
be unique, and their own abilities are recognised (Österling & Andersson, 2013). 
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 Long-term and short-term orientation  
 
The fifth dimension of long-term and short-term orientation was added at a later stage 
and is based on Confucian work dynamism (Hofstede, 2011). This dimension deals 
with the time aspect, with opposing characteristics on either end of the dimension. 
Values that are associated with long-term orientation includes perseverance, caution, 
and persistence, while short term orientation values respect for tradition, personal 
control, and social responsibilities (Hofstede, 2011). Some of the key differences 
between long-term and short-term orientation are outlined on Table 2.5.  
 
Table 2.5: Key differences between long-term and short-term orientation, and 
the relation of these dimensions in education (adapted from Hofstede & 
Hofstede, 2004; Hofstede, 2011)  
Long-term orientation Short-term orientation  
Success is a result of effort and 
perseverance.  
 
Success (or failure) is dependent on luck.  
Different and multiple answers are 
encouraged. 
 
Single solution is sufficient.  
The main question when learning is ‘why?’ The main question when learning is ‘how?’ 
 
 
Learners who have a high long-term orientation attribute their success to the amount 
of effort put in, and their failure to the lack thereof. In addition, these learners are open 
to the possibility of different answers and are more inclined to ask ‘how?’ (Hofstede, 
2011; Wursten & Jacobs, 2013). In contrast, individuals who value a short-term 
orientation associate their success or failure with luck, they are set on finding just one 
solution and are more concerned with asking ‘why?’ (Hofstede, 2011; Wursten & 
Jacobs, 2013).  
 
Although Hofstede’s (1994, 2004, 2011) cultural dimensions theory was based on 
research conducted in a corporation, it can be related to and provide a valuable 
framework to consider the role of culture within a classroom context.  
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 Stigler and Baranes’ (1988) culture and mathematics learning  
 
Stigler and Baranes (1988) argued that mathematics is situated in, and cannot be 
separated from, the social domain in which it is utilised. The traditional view of 
mathematics as an abstract, context-free and formal domain of study is open to 
question and is progressively being refuted (Stigler & Baranes, 1988). Österling (2013) 
agreed that mathematics education cannot be separated from issues of culture and 
power. Mathematical knowledge, according to Stigler and Baranes (1988), is 
constructed on previously acquired knowledge and skills as well as cultural input. 
Therefore, culture is not merely an independent factor that either promotes or hinders 
the development of mathematical skills and abilities. Instead, it is an essential element 
in mathematical learning and development. Bishop (1991) agreed that, instead of 
maintaining a skills-based curriculum, schools should focus on developing a 
mathematics curriculum that intends to introduce mathematics as a cultural practice.  
 
While it may seem that schools in different countries and across cultures are uniform 
and operate on similar principles, there are actually significant differences in respect 
of the cultural environments (Stigler & Baranes, 1988). Values vary across cultures 
and different cultures adopt and promote certain beliefs, attitudes, and values in 
education and mathematics education (Österling, 2013; Stigler & Baranes, 1988). 
These distinct elements of the culture result in the creation of different learning 
environments and instructional practices. Thus, learners’ values in mathematics and 
the value of activities may differ across different cultures and nationalities (Österling, 
2013). These perspectives provided by Stigler and Baranes (1988) are valuable in 
recognising the importance of the cultural and social context in which mathematics 
teaching-and-learning takes place.  
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 Interconnection of theories on values in mathematics learning and the 
role of values on achievement  
 
From each of the theories discussed above it can be seen that mathematics education 
is not just a scientific, abstract and rigid domain of study. Instead, the values and 
cultural and social contexts associated with mathematics education is an essential 
element in the effective teaching-and-learning of mathematics. Figure 2.4 is a visual 
representation of the interconnectedness of each of the theories discussed. Values 
are related to and situated within a socio-cultural context. Thus, the values and the 
context in which learning occurs cannot be ignored.  
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Figure 2.4: Theoretical model illustrating the relationship between key 
theorists 
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 CHAPTER SYNTHESIS  
 
This chapter provided a theoretical background to the study by starting with a 
discussion relating to the role of values in a South African context with reference to 
relevant policies and curriculum statements. Then, the importance of values in 
mathematics was considered followed by a clarification and discussion of mathematics 
learning. Thereafter, the role of affective constructs in mathematics was considered. 
Next, values in mathematics teaching-and-learning were deliberated. The construct 
“mathematics achievement” was defined and discussed.  
 
Subsequently, previous research conducted on values in mathematics education was 
explored. A discussion followed focusing on the empirical findings in respect of 
previous research findings relating to the WIFI in mathematics learning project and 
highlighting the need for research from an African perspective. The main findings of 
the 2012 study conducted in Japan revealed that the usual values Grade 5 learners 
associated with mathematics learning were process, effort, exploration, fact, openness 
and progress. Grade 9 learners tended to value product, ability, exposition, idea, 
mystery and control (Shinno et al., 2014). The results from a 2014 study conducted in 
Hong Kong, China and Taiwan revealed six common values, namely achievement, 
relevance, practice, communication, ICT and feedback (Zhang et al., 2015). Seah, 
Baba, et al. (2017) conducted a study in Hong Kong and Japan in 2017 and found that 
Hong Kong participants value explorations, alternate approaches, mathematics 
identity, recall, ICT, feedback, application and expositions. On the other hand the 
Japanese participants were found to value wonder, creativity, results, others’ 
involvement, know-how, ICT, discussion, reality and mystery (Seah, Baba, et al., 
2017). It is evident that learners from different cultures differ considerably in the values 
they hold. 
 
Lastly, the theoretical framework for this study, grounded on Bishop’s (1996) value 
theory and secondary theories of Hofstede (1997) and Stigler and Baranes (1988), 
was presented. Bishop (1996) argued that values are an innate element in 
mathematics education and teachers need to give more attention to values 
transmission. Bishop (1991) also acknowledged that values manifest on various levels 
namely societal, institutional, pedagogical and individual levels. On an institutional 
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level, Bishop (1996) distinguished between three types of values that can be found in 
mathematics classrooms namely general educational values, mathematical values 
and mathematical educational values. Mathematical values are identified in respect of 
six values, structured as three complementary pairs of values, along one of the 
following value dimensions: “ideological, sentimental and sociological values” (Bishop, 
1988, p. 105). The ideological dimension comprises rationalism and objectivism, the 
sentimental dimension comprises control and progress, and the sociological 
dimension consists of openness and mystery.  
 
Hofstede’s (1997) cultural dimensions theory was developed on a four-dimensional 
model of national cultures with a fifth dimension added at a later stage. According to 
Hofstede’s (1997) cultural dimensions theory, each culture, which may be a 
classroom, can be defined across five cultural dimensions namely a) power distance, 
b) individualism and collectivism, c) femininity and masculinity, d) uncertainty 
avoidance and, e) long-term orientation and short-term orientation.  
 
Stigler and Baranes (1988) provided a cultural perspective on mathematics learning. 
According to Stigler and Baranes (1988), mathematics is culturally situated and 
context dependent. Mathematical knowledge, from the cultural perspective of Stigler 
and Baranes (1988), is constructed from previously acquired knowledge and skills and 
from cultural input.  
 
Chapter 3, which follows, will elaborate on the research design and methodology 
adopted for this study. The philosophical framework, research approaches, strategies, 
choices, time horizons, and research techniques and procedures utilised in this study 
will be deliberated. The quality measures applied in this study will also be discussed.  
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CHAPTER 3 : RESEARCH DESIGN AND METHODOLOGY  
 
 INTRODUCTION  
 
Chapter 2 reviewed relevant literature and provided a theoretical framework for this 
inquiry. The purpose of Chapter 3 is to outline the research design and methodology 
adopted for this study. A research design serves as an overall framework outlining the 
plan and procedures of the research, from the broad assumptions to the more detailed 
methods of data collection and analysis (Creswell, 2013; Leedy, Newby, & Ertmer, 
1997). A research design can be described as the structured framework or “blueprint” 
of how the research will be conducted, while the research methodology can be seen 
as the “methods and tools” used to carry out the research (Babbie & Mouton, 2001, 
pp. 74–75; Yin, 2013). The Research Onion model (Saunders et al., 2009), as 
illustrated in Figure 3.1, has been used to guide this chapter as it progresses through 
the various stages of the research design and methodology that were utilised in this 
study. 
 
Figure 3.1: Research Onion (adapted from Saunders et al., 2009, p. 138) 
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This chapter will start with a concise reconsideration of the research question and 
nature of the research problem followed by a discussion of each of the various layers 
of the Research Onion model (Saunders et al., 2009). A discussion pertaining to the 
post-positivist research paradigm that was adopted for this study will follow. The 
epistemological, ontological and methodological assumptions associated with the 
post-positivist paradigm will then be considered. Thereafter, the deductive research 
approach utilised in this study will be surveyed. An outline of the structure of the 
questionnaire will follow. Then the quantitative research method used for this inquiry 
will be explored. Lastly, the time horizons and data collection and data analysis 
procedures used in this study will be explained. 
 
 NATURE OF THE RESEARCH PROBLEM 
 
All research begins with the identification of a research problem, which can then be 
formulated as a research question (Babbie & Mouton, 2001). As Salkind (2010) 
suggested, from the onset of research it is fundamental to have a clear understanding 
of what the research is trying to accomplish. Specific research questions need to be 
formulated and then a decision has to be made regarding the type of data required to 
answer the research questions.  
 
As discussed in Chapter 1, the continuous poor performance in mathematics of South 
African learners, evident from international and national benchmarking tests such as 
the Trends in International Mathematics and Science Study (TIMSS) and Annual 
National Assessments (ANA), is a serious cause for concern. A concerted effort to 
improve the situation is required (Mji & Makgato, 2006; Schollar, 2015; Spaull, 2013; 
Van der Berg, 2015). Sub-section 1.1.2 highlighted a number of studies (Howie, 2003; 
Klees & Qargha, 2014; Mji & Makgato, 2006; Spaull, 2013; Visser et al., 2015) that 
have been conducted on the possible contributors to the poor performance of 
mathematics learners in South Africa. However, none of these studies have led to any 
notable improvement in the quality of mathematics education. 
 
The role of values in mathematics, and, specifically the international What I Find 
Important (WIFI) in mathematics learning study, which focuses on the ‘values’ aspect 
in mathematics teaching-and-learning (Seah, 2010), has gained increased popularity 
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over the last decade. However, to the researcher’s mind, research on the role of values 
in mathematics education in a South African context is fairly limited and 
underdeveloped at this stage.  
 
The overarching research question (as stated in sub-section 1.4.1) of this study is: 
What are the values that Grade 8 to 10 learners from a public, mathematics-and-
science-focus school in Johannesburg associate with mathematics learning? 
 
This study has two accompanying research sub-questions, as listed in sub-section 
1.4.2. These sub-questions are stated again for ease of reference, namely:  
 What are the learners’ views on important attributes to mathematics learning? 
 What are the value preferences of Grade 8 to 10 learners from a public, 
mathematics-and-science-focus school in Johannesburg in respect of their 
mathematics learning? 
 
 RESEARCH PARADIGM AND ASSUMPTIONS  
 
Researchers have various beliefs and perspectives when viewing and interacting 
within their surroundings. Consequently, the way research studies are conducted differ 
(Michel, 2008). The term “research paradigm” was initially coined by Kuhn in the early 
1960s to refer to the collection of philosophical assumptions that the members of a 
particular research community agree upon (Humphrey, 2013, p. 4). 
 
A research paradigm can be seen as a researcher’s worldview, encompassing the 
researcher’s philosophical perspectives and beliefs about the world. Additionally, a 
research paradigm consists of the nature of the research and the standards and rules 
that guide the researcher’s actions, beliefs and values (Creswell, 2013; Johnson & 
Christensen, 2016; Killam, 2013; Michel, 2008).  
 
As discussed in section 1.8, a post-positivist research paradigm was adopted for this 
study. The nature and assumptions of a post-positivist paradigm are most suited to 
quantitative research with the intention to seek knowledge about the world in order to 
better explain, predict, or control events (Andrew & Halcomb, 2009; Creswell, 2013). 
Post-positivism, sometimes referred to as a “scientific method”, “empirical science” or 
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“science research” (Creswell, 2013, p. 7), is an extension and milder version of 
positivism with similar underlying principles. At the same time post-positivism allows 
additional engagement between the researcher and participants by means of a survey 
data collection instrument (P. C. S. Taylor & Medina, 2013).  
 
The post-positivist paradigm emerged after positivism. Although both these paradigms 
have a similar belief of a real reality and a shared objective of discovering the truth, 
post-positivists recognise that the absolute truth cannot be known completely. 
Knowledge cannot be absolute when studying human behaviour and actions 
(Creswell, 2013; Heppner, Wampold, Owen, Thompson, & Wang, 2015). Thus, 
research conducted from a post-positivist paradigm makes probabilistic statements, 
rather than statements of absolute truth. Post-positivism recognises that scientific 
processes may have error and bias and that the researcher may affect the research 
process (Heppner et al., 2015).  
 
Post-positivism differs from a positivist paradigm, with post-positivists stating that 
knowledge originates from multiple realities as opposed to one single reality. Post-
positivism acknowledges that knowledge is biased. Thus, absolute, objective 
knowledge is almost impossible to achieve (Guba & Lincoln, 1985). Since post-
positivism acknowledges the bias in knowledge, it integrates multiple methods of 
inquiry including qualitative and subjective research methods (Bryman, 1984). 
Research conducted from a post-positivist paradigm encourages flexibility and 
knowledge innovation and discovery rather than specific, rigid outcomes (Bryman, 
1984). 
 
A research paradigm reflects an interconnected system of practice and thinking that 
defines the nature of the research along four major dimensions, namely ontology, 
epistemology, axiology and methodology (Blanche, Durrheim, & Painter, 2006; 
Creswell, 2013; Killam, 2013; Ponterotto, 2005). The interrelated relationship among 
the philosophical assumptions that underlies a research paradigm is represented in 
Figure 3.2 
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Figure 3.2: Interrelated relationship of the various dimensions of a research 
paradigm (adapted from Creswell, 2013; Killam, 2013; Ponterotto, 2005)  
 
According to Hitchcock and Hughes (1995, p. 21), “ontological assumptions give rise 
to epistemological assumptions”, which in turn lead to methodological assumptions 
and ultimately influence the choice of data collection techniques. Ontology can be 
defined as the researcher’s beliefs regarding the nature of reality and being and what 
constitutes this reality (Killam, 2013; Ponterotto, 2005; Scotland, 2012). 
 
Epistemology refers to the nature of the relationship between the “knower,” thus the 
participant, and the “would-be-knower” or the researcher (Ponterotto, 2005, p. 131). 
Epistemology counts as knowledge and how this knowledge is acquired (Creswell, 
2013; Grant & Giddings, 2002; Killam, 2013).  
 
Axiology can be considered as the use of values and bias by a researcher in the 
research or scientific process (Creswell, 2013; Ponterotto, 2005). The role of the 
researcher’s own values in all stages of the research process must be considered for 
the research results to be credible (Saunders et al., 2009).  
 
Lastly, the term methodology denotes the researcher’s strategy and plan of action, 
reflecting the way the researcher will go about discovering the knowledge (Blanche et 
al., 2006; Killam, 2013; Scotland, 2012). In other words, methodology can be seen as 
Philisophical 
Assumptions 
Ontology
The nature of 
reality
Epistemology
How we know 
what we know 
Axiology
The role of values 
in the research 
process
Methodology 
The process of 
research
 65 
 
“a theory or an analysis of how the research should operate” (Hitchcock & Hughes, 
1995, p. 20).  
 
The underpinning philosophical assumptions of the post-positivist paradigm are 
informed by relevant researchers (Corman & Poole, 2000; Guba, 1990; Guba & 
Lincoln, 1985, 1994; Heppner & Heppner, 2004). The ontology, epistemology and 
methodology of the post-positivist paradigm are summarised in Table 3.1.  
 
Table 3.1: Philosophical assumptions surrounding the post-positivist 
paradigm  
Philosophical 
assumption 
Post-Positivism paradigm Applicability to this study 
Ontology 
(beliefs regarding 
reality) 
Critical reality 
Apprehend probabilistically, 
absolute reality or ultimate truth 
cannot be entirely understood or 
attained. Many realities generate 
knowledge. 
 
Values that are important in 
mathematics learning are not 
absolute or fixed. 
 
  
Epistemology 
(beliefs regarding 
knowledge) 
Modified objectivist 
Findings will probably be true. 
Objectivity can only be 
approximated. Knowledge has 
values and is biased.  
 
Researcher recognises that 
complete knowledge of learners’ 
values cannot be known.  
 
Although anonymity is 
maintained learners may not 
answer the questionnaire 
truthfully, thus, responses might 
be subjective and biased.  
Axiology  
(beliefs regarding the 
researcher’s values in 
the research) 
Post-positivist researchers 
should remain emotionally 
detached from the research. The 
researcher’s own values, hopes, 
beliefs or expectations should 
not influence the research 
process.  
 
The researcher aims to interpret 
the findings of this study in an 
unbiased and objective manner.  
Methodology 
(beliefs regarding the 
research method and 
the researcher’s 
actions) 
Modified experimenter 
Uses multiple methods of inquiry. 
Both quantitative and qualitative 
methods are employed. 
Unbiased methods are strived 
for.  
 
This study mainly utilises 
quantitative research.  
 
The questionnaire and research 
methods employed aim to be 
unbiased.  
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 RESEARCH APPROACH  
 
All empirical studies have either an implicit or explicit research design which connects 
the empirical data that will be collected to the initial research question and ultimately 
to the conclusions that will be drawn (Yin, 2013). According to Babbie and Mouton 
(2001) a research design is categorised along three principles of classification as 
illustrated in Figure 3.3.  
 
 
Figure 3.3 Classification of research design types (adapted from Babbie & 
Mouton, 2001, p. 78)  
 
According to the description of a research design as suggested by Babbie and Mouton 
(2001) (refer to Figure 3.3), this research can be classified as an empirical study, 
making use of primary data that is mainly numeric. An empirical study can be viewed 
as a planned, systematic and purposeful process of collecting and analysing data 
(Isaac & Michael, 1997). The purpose of an empirical investigation is to gather reliable 
and valid data in relation to the research problem and associated research aims 
Type of study 
Empirical 
Primary data
(eg. survey)
Secondary 
data 
Numeric data Text data 
Non-
empirical 
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(Vosloo, 2014). Primary data refers to new data that has been collected by the 
researcher via surveys, questionnaires or other methods, as opposed to using data 
that already exists (secondary data) (Babbie & Mouton, 2001). Turning the focus back 
to the current study, this empirical study will use a questionnaire to collect and analyse 
data in respect of the research question and accompanying aims.  
 
Research can be classified into two extensive strategies of either an inductive or 
deductive approach (Saunders et al., 2009; Soiferman, 2010). One of the key 
differences between inductive and deductive reasoning is that deductive reasoning 
proceeds from the general to the specific while inductive reasoning progresses from 
the specific to the general (Jekel, Katz, Elmore, & Wild, 2007). A deductive approach 
to research requires the researcher to begin with a hypothesis or prediction and then 
carry out the necessary observation or collection of relevant data to test the hypothesis 
or prediction (Blaikie, 2009; Rubin & Babbie, 2010). According to Saunders et al. 
(2009), deduction should possess several characteristics as illustrated in Figure 3.4.  
 
 
Figure 3.4: Characteristics of a deductive approach (adapted from Saunders et 
al. 2009, p. 120) 
 
A deductive research approach requires an extensive amount of theoretical work prior 
to the collection of data (Blaikie, 2009). A researcher following a deductive approach 
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Samples of sufficient numerical size to enable generalisation of conclusions
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starts off by developing a theory or hypothesis and then designs the research to test 
the hypothesis (Saunders et al., 2009). In contrast, an inductive approach begins with 
the researcher making a set of observations or collecting relevant data, then finding 
possible relationships and patterns through data analysis and thereafter generalising 
the patterns or relations (Blaikie, 2009; Rubin & Babbie, 2010; Saunders et al., 2009). 
Scientific research following a deductive reasoning approach can move from making 
general statements to specific statements that are objective and independent of 
experience (Hitchcock & Hughes, 1995).  
 
Mills, Durepos and Wiebe (2010) argued that quantitative research is primarily 
grounded in deductive reasoning and quantitative researchers have assumptions that 
lead to testing theories deductively in order to generalise and replicate their findings 
(Creswell, 2013). With reference to the current study, which is largely quantitative in 
nature, a deductive reasoning strategy has been employed in order to seek evidence 
to either support or refute the hypotheses (Soiferman, 2010). 
 
 Research purpose  
 
Social research serves many purposes. Research commonly refers to the “search for 
knowledge” (Kothari, 2004, p. 1) or pertinent information, through a scientific or 
systematic method of inquiry. Although different authors may have various points of 
view in respect of the purpose of research, the most often used representation of 
research purpose in literature is the threefold model of exploratory, descriptive, and 
explanatory research (Babbie & Mouton, 2001; Saunders et al., 2009; Strydom, 2013). 
Salkind (2010), on the other hand, suggested that the purpose of all research can be 
categorised as explanatory, exploratory, descriptive or evaluative in nature. Figure 3.5 
represents the main purposes of social research. A discussion of each of the purposes 
follows. Three of the most functional purposes of research according to Babbie and 
Mouton (2001) are exploration, explanation and description.  
 
When planning a research project the researcher needs to make decisions relating to 
the ways in which the research can be classified as exploratory, descriptive and/or 
explanatory (Blanche et al., 2006). Exploratory and descriptive research examine 
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associations between variables, while explanatory and evaluative research are 
focused on detecting casual relationships (Salkind, 2010) 
Figure 3.5: Illustration of the main purpose of social research (adapted from 
Babbie & Mouton, 2001, pp. 79–81; Salkind, 2010, p. 1254) 
 
 Exploratory research  
 
Exploratory research is usually employed when relatively little is known and there is a 
lack of information regarding the topic being investigated. Exploratory research can 
also be used when the research topic has been researched before but not in the 
particular context in which the current research is to be conducted (Blaikie, 2009; 
Salkind, 2010). The exploratory purpose of research is typical when a researcher 
wants to explore and investigate relatively unknown or unstudied areas of research or 
when the subject of the study is reasonably new (Babbie & Mouton, 2001; Blanche et 
al., 2006; Rubin & Babbie, 2010). Turning the focus to the current study, South Africa 
is the first African country that has been invited to participate in the international WIFI 
in mathematics learning study. The purpose of this research is thus exploratory in 
nature, as such an investigation has not been conducted in a South African context 
before. 
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 Descriptive research  
 
The distinction between exploratory and descriptive research in practice can be fuzzy 
(Blaikie, 2009). Descriptive research is one of the first steps to understanding social 
problems (Salkind, 2010) and usually involves the gathering of facts (Engel & Schutt, 
2016). The primary intention of descriptive research is to accurately describe the 
characteristics of certain individuals, groups of people, situations, events or 
phenomena and to provide a description as evidence of the current state of affairs 
(Kothari, 2004; Rubin & Babbie, 2010; Salkind, 2010). The focus of descriptive 
research is not to discover cause-and-effect relationships but rather to describe 
variables and to sometimes describe the relationship among those variables (Johnson 
& Christensen, 2016). Descriptive research involves the use of surveys and various 
other fact-finding methods of inquiry (Kothari, 2004). During descriptive research, an 
observer might make certain observations and then describe them. It is worth noting 
that since scientific observations are intentional and purposeful they are more careful, 
therefore making them more accurate than causal observations and descriptions 
(Rubin & Babbie, 2010). The current study draws on descriptive research as it 
endeavours to describe the types of values that Grade 8 to 10 learners associate with 
mathematics learning.  
 
 Explanatory research  
 
The objective of explanatory studies is to provide causal explanations for phenomena 
(Blanche et al., 2006). Explanatory research sets out to test theories or hypotheses 
and then explain why variables are related to one another (Rubin & Babbie, 2010; 
Salkind, 2010). Researchers conducting explanatory research measure variables and 
then provide evidence that will either support or refute the premise of the existence of 
a cause and effect relationship between variables (Salkind, 2010). Researchers who 
want to explain situations, events or phenomena, and consider the ‘how’ and ‘why’ 
elements, undertake exploratory research (Johnson & Christensen, 2016; Rubin & 
Babbie, 2010). Considering the current study, explanatory research is employed as 
this study aims firstly to establish if there is a relationship between learners’ values in 
mathematics learning and their perceived mathematics achievement, and then to 
explain the type of relationship that exists, if any.  
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 Evaluative research  
 
Evaluative research endeavours to evaluate and assess whether a specific, real-life 
intervention or strategy, policy, programme, procedure or practice can change 
behaviour (Bryman, 2008; Rubin & Babbie, 2010; Salkind, 2010). The aim of 
evaluative research can be seen as examining the practical knowledge, impact and 
effects of implementing social policies and programmes (Engel & Schutt, 2016). Due 
to the limited scope and nature of this particular study, there will be no interventions 
carried out, therefore the purpose of this study will not be evaluative. 
 
 RESEARCH STRATEGY  
 
The following section presents the goal and setting of the empirical inquiry, as well as 
a description of the data collection instrument utilised in this study. A description of the 
nature of the items of the questionnaire and its administration, including the pre-testing 
and piloting processes, will be provided. The data collection processes, including 
sampling, and the data analysis procedures adopted in this study will be discussed in 
greater detail in the paragraphs that follow.  
 
 Goal of the empirical inquiry  
 
As previously indicated, the goal of empirical research is to acquire valid and reliable 
data in respect of the research question and associated research objectives (Vosloo, 
2014). The standardised questionnaire employed set out to achieve the research 
objectives of this study, namely: 
 To conduct an empirical inquiry in order to determine and interrogate the values 
that participants associate with mathematics learning.  
 To explore the participants’ views on the most important attributes to 
mathematics learning. 
 To identify the value preferences of participants in respect of their mathematics 
learning.  
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 Research instrument  
 
Research cannot be conducted without data and frequently the quality of the research 
depends on the quality, quantity, adequacy, and appropriateness of the data, which to 
a large extent is dependent on the data collection methods (Pawar, 2004). As 
previously indicated (see section 1.8), the data collection instrument used in this study 
is a self-administered, standardised questionnaire developed by various researchers 
(Österling & Andersson, 2013; Seah, 2013; Shinno et al., 2014) from Australia, 
Singapore, Sweden and Japan. The questionnaire was designed and cross-culturally 
validated by the researchers from these countries (Österling & Andersson, 2013; 
Seah, 2013; Shinno et al., 2014).  
 
A questionnaire can be described as “a document containing questions and other 
types of items designed to solicit information appropriate to analysis” (Babbie & 
Mouton, 2001, p. 646). A questionnaire acts as a means of communication between 
the researcher and the participants and provides an efficient way of collecting data 
(Brace, 2008; Patten, 2016). Among the most prevalent data collection methods in 
survey research is the use of questionnaires. Questionnaires can be utilised in 
explorative, descriptive, and explanatory research (Pawar, 2004).  
 
Questionnaires require careful planning and administration. While the utilisation of a 
questionnaire may seem easy to manage , this is not necessarily always the case 
(Pawar, 2004). There are several advantages and disadvantages associated with 
employing questionnaires as a data collection method, some of which are illustrated 
in Table 3.2.  
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Table 3.2: Advantages and disadvantages of questionnaire or survey research 
(adapted from Babbie, 2016; Dörnyei, 2014; Patten, 2016; and Pawar, 2004) 
Advantage Disadvantage 
Responses and data can be tabulated, 
scored and analysed easily, especially when 
using computer software. 
 
Responses are limited, simple and 
superficial; lacks rich, in-depth data. 
Questionnaires can be administered 
anonymously which may encourage 
participants to be truthful. 
Participants may respond in a socially 
desirable manner (prestige bias), although 
anonymity may reduce social desirability. 
Some individuals have a strong need for 
approval. 
 
Particularly useful in describing 
characteristics of a large sample across a 
vast geographical region  
Unreliable or unmotivated participants may 
not be thorough when completing the 
questionnaire and the response rate may be 
low. 
 
Data can be collected efficiently, and the 
process of data collection is feasible. Large 
amounts of data can be collected relatively 
quickly, effortlessly and cost-effectively. 
 
Participants may have literacy problems and 
experience difficulty understanding the 
questionnaire, which may result in unreliable 
or invalid data. 
 
Versatile and can be used across a variety 
of situations and with a variety of people. 
The researcher has little or no chance to 
correct respondents’ mistakes, or double 
check completion of the questionnaire.  
 
 
In general, questionnaires generate three types of data: factual, behavioural and 
attitudinal (Dörnyei, 2014). Factual questions provide information regarding the 
respondents’ demographic characteristics (gender, age, race, etc.). Behavioural 
questions deal with the respondents’ behaviours and find out what they are doing or 
have done. Attitudinal questions find out what people think and are concerned with 
their attitudes, opinions, beliefs, interests, and values (Dörnyei, 2014). The 
questionnaire employed in this study makes use of factual questions, as well as 
attitudinal questions.  
 
As discussed in section 1.8 this study utilised a pre-existing, standardised student 
questionnaire (see Annexure B), designed and validated by a group of researchers 
(Österling & Andersson, 2013; Seah, 2013; Shinno et al., 2014) from Australia, 
Singapore, Sweden and Japan. The standardised questionnaire has been adapted for 
the South African context after a pilot study. An outline of the various sections of the 
questionnaire is presented below.  
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 Section A: Biographical items 
 
Section A of the questionnaire consisted of ten biographical, close-ended items. These 
ten items from section A enabled the researcher to gather general information 
regarding the participants’ profile and demographic details. 
 
 Section B: Single open-ended item  
 
Section B in the questionnaire consisted of one, open-ended item that asked 
participants to list the three most important attributes or behaviours that a learner who 
wants to be good at mathematics should have or display. The responses from this item 
were intended to answer the first research sub-question on the learners’ views on 
important attributes for mathematics learning. 
 
 Section C: Values continuum  
 
This section consisted of ten close-ended items that were presented in the form of a 
semantic differential scale. Unlike a Likert scale, a semantic differential scale is a 
bipolar scale whereby two opposing adjectives or phrases are placed on either end of 
a scale (Brace, 2008; Wrenn, Stevens, & Loudon, 2007). Each pair of opposing 
adjectives or phrases measure different aspects of a concept and respondents 
indicate which of the two phrases they agree with most, by placing a mark along the 
scale (Brace, 2008; Wrenn et al., 2007). Although a seven-point scale is generally 
used, the questionnaire used in this study employed a five-point continuum. The 
middle value on the scale is assigned a numeric value of zero and indicates a neutral 
response. An example of the semantic differential scale used is given below: 
 
NO PHRASE A 2 1 0 1 2 PHRASE B 
Example Watching a movie      Doing Shopping 
 
The ten items presented in the differential semantic scale represent different 
behaviours or attitudes that participants view as most important when learning 
mathematics. It was anticipated by the researcher that the quantitative responses 
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gathered from this section would be used to answer the first research sub-question 
(refer to sub-section 1.4.2), relating to participants’ views on the most important 
contributors to mathematics achievement and learning.  
 
 Section D: Likert scale items  
 
Section D comprised of a total of 65 items based on a five-point Likert scale. The items 
were numbered starting from number one to number 64, but Item 54 was split into 54A 
and 54B. Likert scale questionnaires are sometimes referred to as ‘agree-disagree’ 
scales and are commonly used to measure attitudes (Ary, Jacobs, Sorensen, & 
Walker, 2013; Brace, 2008). Each of the five-point Likert scale responses were 
assigned a numeric value as shown below: 
 
 
Each of the 64 items represented a specific practice or strategy relating to the 
teaching-and-learning of mathematics. Participants were expected to rate the 
importance of each of the statements in respect of their own mathematics learning. 
The responses and quantitative data gathered from section D were used to answer 
the main research question (refer to sub-section 1.4.1). The responses were also 
compared to the participants’ performance in mathematics and the results from this 
comparison was used to answer the second research sub-question (refer to sub-
section 1.4.2). 
 
 RESEARCH CHOICES  
 
In relation to the post-positivist research paradigm (see section 3.3), the deductive 
research approach (see section 3.4) and the utilisation of a questionnaire as the 
research strategy (see section 3.5), a mono-method research choice is best suited to 
this study. A mono-method research choice utilises a single data collection technique 
and associated data analysis procedure (Saunders et al., 2009). The questionnaire 
utilised to collect data in this study lent itself towards a mono-method research choice, 
1 2 3 4 5 
Strongly 
disagree 
Disagree Neutral Agree Strongly agree 
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namely a quantitative research method. Most of the data obtained from the 65 Likert 
Scale items and ten semantic differential items are quantitative in nature and 
qualitative data were only generated from the single open-ended item. 
 
 TIME HORIZONS  
 
Time horizon refers to the time period over which the researcher intends to complete 
the research. Research can be classified along the dimension of time as either cross-
sectional or longitudinal (Saunders et al., 2009). As this study employed a survey 
research strategy and was time-constrained, the cross-sectional category seems 
appropriate (Saunders et al., 2009). Moreover, the data were collected once-off, over 
a relatively short period of time. Therefore, the study can be characterised as a cross-
sectional study. This study was conducted across three grades, namely Grade 8, 
Grade 9 and Grade 10.  
 
 DATA COLLECTION AND DATA ANALYSIS  
 
 Setting of the inquiry  
 
The context for this study is a mathematics-and-science-focus high school in the 
Johannesburg region. The school was established in 1992, under the wing of a near-
by university, in an endeavour to assist previously disadvantaged learners who display 
an aptitude in mathematics and science.  
 
One of the aims of the school is for previously disadvantaged learners to achieve a 
sound educational background in preparation for tertiary education. The school has a 
relatively small number of learners enrolled, with just over 500 learners from Grade 8 
to Grade 12. The school maintains a very high pass rate (it has always been above 
99%), as well a high university exemption rate. The school is often among the top 10 
performing schools in the district and sometimes in the country. There are five values 
that the school promotes, namely commitment, integrity, loyalty, perseverance and 
respect. 
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The majority of the learners come from disadvantaged homes with a low socio-
economic status. There are diverse learners at the school in respect of ethnicity, 
culture and home language. As the years have progressed, the school has opened its 
doors to a small percentage of learners that are not (financially) disadvantaged but 
display an affinity for mathematics and science and who live in the area. Thus, the 
school accommodates approximately 10% of learners from wealthy homes (paying 
higher school fees). The rest of the learners (approximately 90%) are from 
disadvantaged communities with a low socio- economic status. As the school is a 
mathematics-and-science-focus school, the learners are required to write an entrance 
examination which tests their aptitude in mathematics and English before being 
admitted to the school in Grade 8. The school at which this study was conducted is in 
the process of being officially registered and recognised by the Department of 
Education as a school of specialisation, with a focus on mathematics and science 
education (see Annexure A). Only schools that are recognised as schools of 
specialisation are permitted to enrol learners based on the results of aptitude tests 
above other factors such as proximity to school or siblings registered at the school.   
 
Learners are not allowed to repeat a grade at the school and, in the event of a learner 
failing a certain grade, he/she is requested to find a different school in the following 
year. All the learners at the school are required to take mathematics at the end of 
Grade 9 as mathematical literacy is not offered from Grade 10 to Grade 12.  
 
 Sampling procedures and participants  
 
A sample of a research study is made up of a group of participants that a researcher 
selects from a wider group of potential participants from a population (Fritz & Morgan, 
2010). As mentioned in section 1.8, non-probability, convenience purposive sampling 
was utilised as the researcher made a conscious decision in choosing participants who 
were readily available and easily accessible (Fritz & Morgan, 2010; Michel, 2008).  
 
Whilst there are numerous advantages associated with probability sampling, it is not 
always feasible or suitable in many research situations. In such situations, non-
probability sampling techniques are more likely to be employed (Babbie, 2016; Rubin 
& Babbie, 2010). A type of non-probability sampling is purposive or judgmental 
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sampling whereby the sample is selected based on judgements made by the 
researcher in respect of which participants will be most useful or representative 
(Babbie, 2016). Purposive sampling refers to the selection of participants based on 
the researcher’s knowledge of the population and the purpose of the study (Babbie & 
Mouton, 2001).  
 
In convenience sampling, the researcher simply selects as participants, “those 
individuals that are easy to get” and that are conveniently available (Gravetter & 
Forzano, 2011, p. 151). Convenience sampling is regarded as a more feasible and 
cost effective method of sampling (Fritz & Morgan, 2010). One of the disadvantages 
associated with convenience sampling, however, is that it is difficult to generalise the 
findings and results of the study to other contexts, since the sample is not necessarily 
representative of the entire population (Fritz & Morgan, 2010).  
 
The population for this study comprised all 563 learners from the public, mathematics-
and-science-focus school in Johannesburg, from Grade 8 through to Grade 12. The 
sample for the current study consisted of 249 learner participants selected from Grade 
8, Grade 9 and Grade 10, from a public, mathematics-and-science-focus school in 
Johannesburg. There was no limitation on the learners’ ages. The learners may have 
previously repeated a grade at primary school level, but they are not allowed to repeat 
a grade at this particular school.  
 
 Administration of the data collection  
 
 Pre-testing and piloting  
 
The researcher of this study piloted the questionnaire with a group of 15 learners, five 
learners from Grade 8, five learners from Grade 9 and five learners from Grade 10. 
Purposive sampling was employed and participants who volunteered to stay after 
school to complete the questionnaire were selected. The aim of the pilot study was to 
ensure face validity, to examine the clarity of the language of the questionnaire, and 
to establish the average time taken to complete the questionnaire. The purpose of the 
research was explained to the participants in the pilot study. The participants from the 
pilot study completed the questionnaire one afternoon after school, to ensure there 
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was no interruption of teaching time. On average, the questionnaire was completed in 
approximately 20 to 30 minutes and the participants were able to complete the 
questionnaire with ease and without having to ask for any clarification.  
After conducting the pilot study, it was decided that Item 54, understanding concepts 
and processes, from the standard WIFI in mathematics learning questionnaire should 
be split into two separate items because it represents two different values. 
Accordingly, Item 54 was split into Item 54A, “understanding concepts” and Item 54B, 
“understanding processes”. The WIFI in mathematics learning questionnaire used in 
this study consequently had 65 Likert scale items as opposed to 64 items in the original 
version. The numbering of the remaining items was, however, not affected. For 
example, Item 55 from the standardised WIFI in mathematics learning questionnaire 
was also Item 55 for the questionnaire utilised in this study. 
 
 Process of data collection  
 
In this study, the standardised questionnaire was completed by 249 Grade 8 to 10 
learners from a mathematics-and-science-focus school in Johannesburg. The 
questionnaires were used to obtain mainly quantitative data which allowed statistical 
descriptions and analysis.  
 
Three hundred questionnaires were printed in total. The researcher counted and 
organised the questionnaires according to the number of learners in each register 
class. An additional 61 copies of the questionnaire were made to cater for the pilot 
study, to accommodate any printing errors that may have occurred, and to have 
additional copies in the event of a participant, parent of the participant or other 
interested persons (staff, the school principal or staff from the Department of 
Education) requesting to see the questionnaire. There were three register classes in 
each grade with approximately 30 to 35 learners in each register class. The nine 
register teachers were handed the questionnaires. A briefing session was held one 
Tuesday afternoon, the day before the data collection took place. The researcher 
informed the register teachers of the nature of the research being conducted and the 
processes to be followed. Register teachers were asked to read the instructions and 
consent sections of the questionnaires to the participants. They were notified that 
participants needed to sign the consent form on the front of the questionnaire and that 
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they, (i.e. the learners) needed to be reminded that their participation in the study was 
voluntary. The data were collected on a Wednesday, during the weekly assembly 
period, to avoid losing any teaching time. The researcher was available at the school 
during the data collection, in the event of the register teachers being unsure of 
something or the participants having additional queries that the register teacher could 
not address. On completion, the questionnaires were handed back to the researcher 
during break which follows the assembly period. The completed questionnaires were 
taken to Statkon, at the University of Johannesburg, for data capturing and analysis. 
 
 Data analysis procedures  
 
The quantitative and qualitative data obtained from the completed questionnaires were 
captured in SPSS, version 25, by a data capturer from Statkon. Thereafter, the 
researcher met with a data analyst from Statkon on nine occasions to carry out and 
discuss the data analysis procedures.  
 
According to Al-Kassir (2008), descriptive statistics are used to describe what the data 
shows. Descriptive statistics were used to analyse the demographic data items from 
section A of the questionnaire. Cross-tabulations were generated to illustrate 
information relating to the participants’ biographical profiles (see section 4.2).  
 
Each of the three responses from the open-ended item in section B were captured in 
Microsoft Excel. The Excel spreadsheet with the responses were exported to SPSS 
(version 25) and a split-file analysis was carried out to show the frequencies of 
responses across the various grades. Common or similar responses were grouped 
together under an appropriate sub-category. The researcher, together with the 
supervisor of this study, further grouped similar sub-categories together under 
appropriate categories. Each of these categories were subsequently classified under 
a common theme. The sub-categories, categories and themes were presented in a 
table in Chapter 4, section 4.3 (see Table 4.7).  
 
The data from the ten semantic differential items from section C were analysed using 
SPSS (version 25). A table of frequencies was first generated to illustrate the 
distribution of responses along the continuum. Thereafter, the mean and standard 
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deviation for each of the ten semantic differential items were also calculated (see 
section 4.4, Table 4.10). 
 
The data from the 65 Likert scale items from section D of the questionnaire were first 
analysed for sampling adequacy and factorability in order to determine if Principal 
Component Analysis (PCA) would be appropriate. The preliminary sampling adequacy 
tests performed were the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 
and Bartlett’s test of sphericity, and the diagonals from the anti-image correlation 
matrix were inspected to measure the sampling adequacy of the individual items. After 
the necessary preliminary tests had been conducted, Principal Component Analysis 
(PCA), a form of Exploratory Factor Analysis (EFA), was performed. PCA was used to 
establish the extent to which a number of correlated variables can be grouped together 
into a smaller number of factors to summarise the linear relationship between the 
variables (Cramer & Howitt, 2004). PCA is a form of EFA whereby the variance of the 
variables is analysed (Cramer & Howitt, 2004). A number of items from section D were 
eliminated to improve the factorability and to obtain a cleaner pattern matrix. The 
details of the PCA and process of elimination of items are further discussed in Chapter 
4 (section 4.5). The seven components obtained from the PCA were appropriately 
named. Thereafter, reliability analyses were performed on each of the seven 
components. The Cronbach Alpha coefficient, mean inter-item correlation, and 
corrected item-total correlation were also calculated to measure internal reliability.  
 
Following the PCA, a Kolmogorov-Smirnov (K-S) test of normality was performed on 
each of the components to establish whether the distribution of scores were 
significantly different from a normal distribution (Field, 2009) (see section 4.5.3.1). 
Thereafter, comparative analysis in respect of gender was conducted by means of 
independent-samples t-tests. Levene’s test for equality of variances was first 
conducted as part of the t-test analysis (Pallant, 2011) (see section 4.5.3.2). The 
results from Levene’s test determined which of the t-test values to use. If Levene’s test 
revealed no significant difference (p > 0.05) then equal variances assumed (first row) 
results were used. If Levene’s test revealed a significant difference than the equal 
variances not assumed (second row) results were considered (Field, 2009; Pallant, 
2011). Following the analysis of Levene’s test and t-test results, each t-statistic (p) 
was converted to a value of r to assess the effect size, using the formula (Field, 2009):  
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𝑟 = √
𝑡2
𝑡2 + 𝑑𝑓
 
The effect sizes were calculated since non-significant differences (p > 0.05) from 
Levene’s test could still represent a considerable sized effect (Field, 2009). An effect 
size in the region of 0.1 was considered small, an effect size in the region of 0.3 was 
considered moderate and an effect size of 0.5 or larger was considered a large effect.  
 
The results obtained from the data analysis will be displayed and discussed in more 
detail in Chapter 4.  
 
 Ethical measures  
 
Alderson and Morrow (2011) described research ethics as being “concerned with 
respecting research participants throughout each project, partly by using agreed 
standards” (p. 3). Ethical standards in research are also intended to safeguard 
researchers, their respective institutions and the name of research (Alderson & 
Morrow, 2011). The ethical measures undertaken in this study have been briefly 
outlined in section 1.10 and are further discussed in the paragraphs that follow. 
 
In June 2017, the school principal was asked to give consent for the research to be 
conducted at the school and the school principal granted permission for the research 
to take place (see Annexure C). An ethical clearance application form was completed 
by the researcher and submitted to the Faculty’s Ethics Research Committee for 
approval. Ethical clearance was granted for the study in October 2017 (Ethical 
clearance number 2017-099) (see Annexure D). This study was completed in 
accordance with the research protocol of the Faculty of Education at the University of 
Johannesburg. Ethical clearance was also obtained from the Gauteng Department of 
Education in November 2017, approval number 2017/332 (see Annexure E).  
 
Babbie and Mouton (2001) outlined some of the general agreements among 
researchers regarding what are acceptable research practices. Some of these ethical 
issues are illustrated in Figure 3.6 and each issue, as it relates to this study, is 
discussed in further detail. 
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Figure 3.6: Ethical issues in social research (adapted from Babbie and Mouton, 
2001, pp. 520-527)  
 
 Voluntary participation  
 
Participants were informed that their participation in the study and completion of the 
questionnaire were on a voluntary basis. Participants were also assured that they may 
withdraw their participation from the study at any stage, without facing any penalty 
(see Annexure B).  
 
 No harm  
 
Care was taken by the researcher to ensure that participants were not placed at any 
risk of harm by participating in this study. The questionnaires were completed at 
Ethical 
issues in 
research
Voluntary 
participation
No harm 
Anonymity 
Confidentiality
Deception
Analysis and 
reporting 
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scheduled times, during the weekly assembly period, out of class time. Thus, there 
was no loss of, or interruptions made to, the participants’ teaching-and-learning time. 
 
 Anonymity  
 
Participants were not required to fill in their names or surnames on the questionnaire, 
thus maintaining their anonymity. The questionnaires were collected in no specific 
order and all completed questionnaires were handed back to the researcher. Thus, 
the information provided by participants could not be traced back or linked to any 
individual.  
 
 Confidentiality  
 
Every effort was made by the researcher to assure participants that their biographical 
information and responses would be kept confidential and secure. The data collected 
from participants were only used for the specified purposes of this study. The 
researcher notified participants that all data relating to the study would be destroyed 
six months after the completion of the study. The data would be stored in a locked 
cupboard at the research site (the school at which the study was conducted).  
 
 Deception 
 
Participants, their parents, and the institution at which the research was conducted 
were all provided with consent forms (see Annexures B, C and F), explaining the 
nature of the research and what their participation in the study entailed. Written 
permission to participate in the study was obtained from the participants’ parents or 
caregivers, the participants themselves as well as the school principal. 
 
 Analysis and reporting  
 
The researcher took responsibility for not falsifying, leaving out or distorting any of the 
findings or results of the study. The researcher strived to report the findings in an 
accurate and unbiased manner. The results of the study could in no way be linked to 
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any individual participant. Participants were assured that the findings and results of 
this study would be made available to them and to interested parties on request. 
  
 Reliability and validity measures  
 
Reliability, according to Babbie and Mouton (2001), is a “quality of measurement 
method that suggests the same data would have been collected each time in repeated 
observations of the same phenomenon” (p. 646). In general, the term reliability in 
research refers to the degree of consistency of the results over a period of time and 
the repeatability of findings (Baumgarten, 2012; Golafshani, 2003). 
 
As outlined in section 1.9, internal consistency reliability was measured calculating the 
Cronbach’s Alpha coefficients via the SPSS version 25.0 (Andrew et al., 2011). 
Cronbach’s Alpha coefficient is a “measure of how well a set of variables or items 
measure a single, unidimensional, latent construct,” and is a common means of 
measuring internal consistency reliability of a group of items (Andrew et al., 2011, p. 
202). Andrew et al. (2011) defined Cronbach’s Alpha as a “measure of how well a set 
of variables or items measure a single, unidimensional, latent construct” (p. 202). 
Babbie and Mouton (2001) suggested using established measures that have proven 
reliable in previous studies, to help achieve reliability. The questionnaire utilised in this 
study is based on the pre-existing questionnaire from the international WIFI in 
mathematics learning project, which has already been used in a number of studies 
conducted across various countries (Law et al., 2011; Seah, 2010; Seah & Barkatsas, 
2014; Seah & Peng, 2012). The standardized WIFI in mathematics learning 
questionnaire has been validated in individual countries and since Cronbach Alpha 
coefficients are not available, PCA was used to validate the questionnaire for a South 
African context.  
 
Validity is a fundamental concern for researchers collecting educational data and is 
considered an important measurement to ensure the success of any study (Vosloo, 
2014). Validity helps the researcher establish whether or not the research instrument 
addresses its anticipated aims and purposes (Andrew et al., 2011). Validity refers to 
the degree to which the research instrument measures what it intends to measure and 
it measures how reliable the results are (Babbie & Mouton, 2001; Golafshani, 2003; 
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Michel, 2008). The three basic types of validity are criterion, construct, and content 
validity (Andrew et al., 2011; Michel, 2008). Criterion validity is based on some external 
criteria and it determines how precisely an instrument measures its target by 
comparing the instrument with future or current criteria (Andrew et al., 2011; Babbie & 
Mouton, 2001). Construct validity is a measure of how accurately an instrument 
measures its target and how it measures up to, or correlates with, a theorised, 
psychological construct (Andrew et al., 2011). Content validity refers to how well an 
instrument represents a construct and the extent to which it covers the range of 
meanings within a concept (Andrew et al., 2011; Babbie & Mouton, 2001). 
 
Although the WIFI in mathematics learning questionnaire is a pre-existing, validated 
questionnaire, adequate pilot studies involving the South African research team 
members of the research project, of which this study is part, have been conducted to 
ascertain face validity. The South African WIFI in mathematics learning research team, 
consisting of three researchers and the supervisor of the project, examined the various 
items of the questionnaire. A brainstorming session took place to assess the relevance 
of the standardised, international WIFI in mathematics learning questionnaire and to 
ensure face validity for a South African context. During this brainstorming session, the 
questionnaire was left unchanged and it was decided that each researcher would first 
pilot the questionnaire in his/her respective research setting before the team would 
gather again to re-evaluate if any changes should be made. The research team then 
met during June 2017, before the pilot for this study had been done, during which the 
process and outcomes of each of the pilot studies conducted in three different schools 
were discussed. Each of the three researchers indicated that the learner participants 
could complete the questionnaire without difficulty or confusion and the researchers 
found that it takes approximately 25 minutes to complete the questionnaire. The 
research team members, together with the supervisor of the study, decided that the 
original Item 54 involved two different constructs. Thus, as mentioned (see section 
3.8.3.1), it was decided by the research team members, together with the supervisor 
of the study, to split Item 54 into two separate items that were renamed Item 54A and 
Item 54B. The rest of the questionnaire was left unchanged.  
 
PCA was employed to ascertain inferential validity. The questionnaire, which forms 
part of the international WIFI in mathematics learning project, displays content validity 
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as it had been interrogated by content experts who validated the individual items, 
before the current study. 
 
 Trustworthiness measures  
 
The quality of qualitative research is as important as it is in quantitative research and 
a measure of the quality of qualitative research is trustworthiness, similar to validity 
and reliability in quantitative studies (Tappen, 2010). The trustworthiness measures 
have been dealt with in brief in section 1.9 and are discussed in more detail in the 
paragraphs that follow.  
 
Credibility, transferability, dependability and confirmability are fundamental elements 
associated with trustworthiness in qualitative research and are further discussed in 
Table 3.3 (Babbie & Mouton, 2001, pp. 276–278; Brown & Rodgers, 2002, p. 242; 
Guba & Lincoln, 1985). 
 
Table 3.3: Explanation of the elements of trustworthiness 
Element of trustworthiness Explanation 
Credibility The believability of the results 
Transferability  
The extent to which the results can be transferred across 
to other settings 
Dependability 
The consistency of the qualitative results of a study and 
the degree to which they can be trusted 
Confirmability 
The extent to which qualitative results are or can be 
validated 
 
This study is mainly quantitative in nature with only a single item in section B (see 
Annexure B) that is an open-ended item leaning towards qualitative research.  
 
Credibility and transferability were assured through a clear, complete and detailed 
description of how the open-ended item in section B of the questionnaire was analysed 
(Brown & Rodgers, 2002). Data were coded and then recoded with a reasonable 
duration between each coding in order to improve the dependability of the analysis 
(Seale, 1990). The researcher grouped common phrases and words together into sub-
 88 
 
categories. Thereafter, the researcher together with a content specialist (the 
supervisor of this study) coded the data and identified a category for related sub-
categories. Finally, the categories were classified under a common theme (see Table 
4.10).  
 
 CHAPTER SYNTHESIS 
 
The purpose of Chapter 3 was to outline and to discuss the research design and 
methodology adopted for this study. The nature of the research problem, as well as 
the research question and accompanying sub-questions, was reconsidered (refer to 
section 3.2). A post-positivist research paradigm was adopted for this study and the 
various assumptions (ontology, epistemology, axiology and methodology) of the post-
positivist paradigm were deliberated (refer to section 3.3). Thereafter, a discussion of 
the research purpose, from an exploratory, descriptive, explanatory and evaluative 
point of view, followed. 
  
This study followed an empirical, deductive reasoning strategy which was deliberated 
in section 3.4. The empirical inquiry proposed to answer the over-arching research 
question, to explore the values that Grade 8 to 10 learners associate with mathematics 
learning, and to also establish the relationship, if any, between the values learners 
subscribe to and their perceived mathematics achievement. Next, the questionnaire 
utilised in this study as the data collection instrument was discussed. The 
predominantly quantitative nature of the collected data resulted in adoption of a 
quantitative research method, as explained in section 3.6. This short-term study 
collected data once-off and was classified as a cross-sectional study (refer to section 
3.7).  
 
Section 3.8 discussed the data collection and analysis processes. The context for the 
study was a mathematics-and-science-focus school in the Johannesburg region in the 
Gauteng province. Convenience, purposive sampling processes were followed to 
select the sample. The various sections of the pre-existing WIFI in mathematics 
learning questionnaire utilised to collect data for the study were discussed. The 
administrative procedures including the pre-testing and piloting of the questionnaire, 
the process of data collection, and the data capturing methods were explained. The 
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ethical measures taken in this study and the notion of informed consent were 
discussed. Reliability and validity measures for the quantitative data and 
trustworthiness measures for the qualitative data were also described. Lastly, the data 
analysis procedures for the qualitative and quantitative data of the study were outlined 
briefly. Chapter 4 will discuss the data analysis procedures and interpretation of results 
of this study in greater detail. 
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CHAPTER 4 : DATA ANALYSIS AND INTERPRETATION OF 
RESULTS 
 
 INTRODUCTION 
 
The purpose of Chapter 4 is to discuss the analysis of the data collected and to provide 
an interpretation of the results in respect of the four sections of the questionnaire 
utilised in this study. A further purpose of this chapter is to discuss the results from the 
reliability and validity tests (see Chapter 3) that were performed in respect of the data 
collected. The data analysis procedures and methods (see Chapter 3) that were 
adopted in this study aimed to answer the research question and research sub-
questions which are stated below for the reader’s convenience.  
 
Research question: What are the values that Grade 8 to 10 learners from a public, 
mathematics-and-science-focus school in Johannesburg associate with mathematics 
learning?  
 
Research sub-questions: 
 What are the learners’ views on important attributes for mathematics learning? 
 What are the value preferences of 8 to 10 learners from a public, mathematics-
and-science-focus school in Johannesburg in respect of their mathematics 
learning? 
 
The data from the questionnaire were captured in Excel 2016 and all analyses of data 
were performed using SPSS (version 25). The data analysis and interpretation of 
results for each section of the questionnaire will be provided separately.  
 
The data obtained from the biographical items from section A of the questionnaire 
were analysed by means of descriptive statistics. Various cross-tabulations were 
generated to provide a comprehensive summary of the participants’ profiles.  
 
The data collected from the open-ended item in section B of the questionnaire were 
analysed by means of split-file analysis (see section 4.3) in order to show the 
 92 
 
frequencies of responses across the various grades. The participants’ responses to 
the open-ended item were qualitatively analysed and inductively coded. Common sub-
categories were grouped under a collective category and each of the categories were 
placed under an associated, broader theme.  
 
The semantic differential items from section C of the questionnaire were analysed by 
generating a frequency distribution table for each of the ten items, for the whole 
sample. Measures of central tendency (mean, median and mode) were also calculated 
for each of the ten items.  
 
The data from the 65 Likert scale items in section D were first analysed to assess the 
factorability of the data. Sampling adequacy measures including the Kaiser–Meyer–
Olkin (KMO) test and Bartlett’s test of sphericity were calculated (see section 4.5). 
Once sampling adequacy was ascertained, the data from section D of the 
questionnaire were analysed by means of Principal Component Analysis (PCA), an 
Exploratory Factor Analysis (EFA) approach, to establish inferential validity. Various 
reliability analyses such as Cronbach’s Alpha coefficient, mean inter-item correlation 
and corrected item-total correlation were then calculated for each of the resultant 
components. Thereafter, a Kolmogorov-Smirnov test was conducted to establish the 
normality of the distribution of scores across each of the seven components. Although 
not part of, but related to, the aims of the study, comparative analysis in respect of 
gender were conducted on each of the components ascertained from PCA, by 
independent-samples t-tests, due to a scarcity of research in this regard (Ajai & Imoko, 
2015) (see section 5.4.3). Levene’s test was conducted to assess the homogeneity of 
variances and to decide which t-statistic from the independent-samples t-test to use. 
Each t-statistic was converted to an effect size (a value of r) to measure the size of the 
difference between the means.  
 
 BIOGRAPHICAL DATA ANALYSES  
 
The biographical items in section A of the questionnaire were analysed by means of 
descriptive statistics and cross-tabulations, which were generated via SPSS (version 
25.0). Descriptive statistics are a useful way of obtaining an idea of the distribution of 
the data (Field, 2009). The tables and figures that were generated, as shown below, 
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illustrate various aspects relating to the biographical and demographic nature of the 
participants.  
 
 Descriptive statistics  
 
The first item in section A of the questionnaire asked participants to state their gender. 
Table 4.1 provides a summary of the gender distribution across the various grades.  
 
Table 4.1: Gender distribution of participants across grades  
Gender Grade 8 Grade 9 Grade 10 Total 
Female  
43 
17.2% 
32 
12.9% 
44 
17.7% 
119 
47.8% 
Male  
44 
17.7% 
50 
20.0% 
36 
14.5% 
130 
52.2% 
Total 
87 
34.9% 
82 
32.9% 
80 
32.2% 
249 
100% 
  
There were fewer female participants in Grade 8 and 9 (n = 75; 30.2%) compared to 
the number of male participants (n = 94; 37.8%). However, in Grade 10 the female 
participants (n = 44; 17.7%) outnumbered the male participants (n = 36; 14.5%). In 
general, the number of female (n = 119; 47.8%), and male participants (n = 130; 
52.2%) across the three grades were relatively balanced with a total of 11 more male 
than female participants. 
 
The second item in section A asked participants to select their ethnical classification. 
Table 4.2 provides a summary of the responses pertaining to ethnicity across the 
various grades. 
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Table 4.2: Participants’ ethnic classification across grades 
Ethnicity  Grade 8 Grade 9 Grade 10 Total 
Asian (including Indian and Chinese) 
49 
19.7% 
46 
18.5% 
44 
17.7% 
139 
55.8% 
Black 
27 
10.8% 
26 
10.4% 
19 
7.6% 
72 
28.9% 
Coloured 
5 
2.0% 
4 
1.6% 
13 
5.2% 
22 
8.8% 
White 
0 
0.0% 
1 
0.4% 
0 
0.0% 
1 
0.4% 
Other  
2 
0.8% 
2 
0.8% 
3 
1.2% 
7 
2.8% 
Don’t want to respond 
4 
1.6% 
3 
1.2% 
1 
0.4% 
8 
3.2% 
Total  
87 
34.9% 
82 
32.9% 
80 
32.1% 
249 
100% 
 
More than half of the participants (n = 139; 55.8%) were Asian (including Indian and 
Chinese). There were 72 (28.9%) black participants and 22 (8.8%) coloured 
participants. There was only one white participant (0.4%) and a small percentage 
(6.0%) of participants either classified themselves as belonging to an “Other” ethnic 
group (not listed) or did not want to respond to the item. 
 
Item 3 from section A acquired information relating to the participants’ home language. 
Table 4.3 represents the various responses in relation to the participants’ home 
language across grades.  
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Table 4.3: Participants’ home language across grades  
Home Language Grade 8 Grade 9 Grade 10 Total 
Afrikaans 
1 
0.4% 
0 
0.0% 
1 
0.4% 
2 
0.8% 
English 
51 
20.5% 
53 
21.3% 
55 
22.1% 
159 
63.9% 
Indigenous South African or African 
language (e.g. Zulu. Sotho. Tswana 
etc.) 
30 
12.0% 
25 
10.0% 
23 
9.2% 
78 
31.3% 
European Language 
1 
0.4% 
0 
0.0% 
0 
0.0% 
1 
0.4% 
Other (e.g. Indian. Chinese etc.) 
4 
1.6% 
4 
1.6% 
1 
0.4% 
9 
3.6% 
Total 
87 
34.9% 
82 
32.9% 
80 
32.1% 
249 
100% 
 
The majority of the participants (n = 159; 63.9%) speak English as a home language, 
while a substantial number of the participants (n = 78; 31.3%) speak an indigenous 
South African language at home. There are a few participants (n = 3; 1.2%) who speak 
Afrikaans or a European language as a home language.  
 
Section A, Item 4 collected data in respect of the grade of the participants. This 
information has been presented in Table 4.1 above, when cross-tabulated with 
participants’ gender. The sample of 249 participants is divided into 87 Grade 8 
participants (34.9%), 82 Grade 9 participants (32.9%) and 80 Grade 10 participants 
(32.1%) as illustrated in Table 4.1.  
 
The fifth item in section A asked participants to state which school they attend. Since 
this study was conducted at a single school the data for this item was the same. The 
school’s identity is not mentioned due to confidentiality and anonymity.  
 
Item 6 from section A gathered information regarding the age of the participants. The 
histogram (see Figure 4.1 below) provides a visual representation of the ages of all 
participants. 
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Figure 4.1: Frequency of participants’ ages  
 
The histogram illustrates that most of the participants (n = 247; 99,8%) were between 
the ages of 13 and 16 years. There was only one 17-year-old (0.1%) and one 18-year-
old participant (0.1%) from the entire sample. The mean age of the whole group was 
14.49 years. 
 
Item 7 asked participants to write down the language in which mathematics is taught 
at their school. Since the study was conducted with a sample from a single school, 
with English as the language of instruction, all the responses to this item were the 
same, namely English.  
 
The eighth item in section A asked participants to state in which country they were 
born. Table 4.4 shows the various countries in which the participants were born. 
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Table 4.4: Frequency of the various countries of birth of participants  
Country Frequency 
India 
3 
1.2% 
Mozambique 
1 
0.4% 
Pakistan 
1 
0.4% 
Somalia 
1 
0.4% 
South Africa 
242 
97.2% 
Zimbabwe 
1 
0.4% 
Total 
249 
100% 
 
Table 4.4 indicates that most of the participants (n = 242; 97.2%) were born in South 
Africa. There were 7 participants (2.8%) who were not born in South Africa, of which 
three were born in India and the remaining four were born in either Mozambique, 
Pakistan, Somalia or Zimbabwe. 
 
Item 9 relates to the eighth item and asked participants to write down the year they 
came to South African if they were born in a different country. The responses ranged 
from 2002 to 2011. This item does not directly relate to the research question or either 
of the sub-questions and the data were not used for any further analysis.  
 
The last item in section A (Item 10) asked participants to state their level of agreement 
with the statement: “I am doing well in mathematics.” Since the questionnaire was 
anonymous, the researcher was unable to gather data regarding the participants’ 
actual achievement in mathematics, which was also a shortcoming of this study. It is 
notable that this item is subjective as participants’ definitions and perceptions of “doing 
well” may vary, depending on their views regarding what constitutes good performance 
in mathematics. For example, a learner who has high expectations and sets goals to 
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achieve an A aggregate (80%), may feel that achieving 70% is not “doing well”, 
whereas a learner who struggles to understand mathematics may feel that 70% is 
excellent. Thus, this perception of the participants’ performance in mathematics may 
not be an accurate representation of their actual performance. Table 4.5 illustrates the 
perception participants have in respect of their mathematics performance across the 
various grades. Table 4.5 also indicates the mean score and standard deviation for 
each of the grades. 
 
Table 4.5: Participants’ perception of their performance in mathematics and 
the mean score and standard deviation of their perceived performance, across 
grades 
Grade 
Level of agreement with the statement:  
I am doing well in mathematics  
N M SD 
Strongly 
disagree 
Disagree 
Neither 
agree 
nor 
disagree 
Agree 
Strongly 
agree 
Grade 8 
1 
0.4% 
2 
0.7% 
22 
8.9% 
44 
17.7% 
17 
6.9% 
86 3.86 0.80 
Grade 9 
3 
1.2% 
9 
3.6% 
36 
14.5% 
27 
10.9% 
7 
2.8% 
82 3.32 0.91 
Grade 10  
3 
1.2% 
9 
3.6% 
34 
13.7% 
29 
11.7% 
5 
2.0% 
80 3.30 0.89 
Total  
7 
2.8% 
20 
8.1% 
92 
37.1% 
100 
40.3% 
29 
11.7% 
248 3.50 0.90 
 
Most Grade 8 participants (61 out of 86; 70.9%) either agreed or strongly agreed with 
the statement “I am doing well in mathematics,” while 22 Grade 8 participants (25.6%) 
neither agreed nor disagreed. A few Grade 8 participants (3 out of 86; 3.5%) perceived 
themselves as not doing well in mathematics.  
 
The perception of Grade 9 and 10 participants in respect of doing well in mathematics 
was much lower, in comparison to the Grade 8 participants’ perception of doing well 
in mathematics. There were 34 Grade 9 (41.5%) and 34 Grade 10 participants (42.5%) 
who either agreed or strongly agreed with the statement “I am doing well in 
mathematics”, while 36 Grade 9 (43.9%) and 34 Grade 10 participants (42.5%) neither 
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agreed nor disagreed with the statement. There were 12 Grade 9 (14.6%) and 12 
Grade 10 participants (15.0%) who felt that they were not doing well in mathematics.  
 
Grade 8 participants had the highest mean and lowest standard deviation (M = 3.86, 
SD = 0.80), which indicates that, on average, Grade 8 learners were more inclined to 
perceive themselves as doing well in mathematics. There is a gradual decline in the 
mean scores of participants as the grades progress and Grade 10 learners have the 
lowest mean score (M = 3.30, SD = 0.89), leaning towards a “neutral” disposition. One 
possible explanation for this finding might be that the work load and difficulty of work 
increases across the various grades. It might also be that Grade 10 learners are more 
mature and therefore their perception of doing well might be different to that of Grade 
8 learners who are less mature. 
 
A comparison of female and male participants’ perception of mathematics 
performance was conducted, and the results are shown in Table 4.6. The mean score 
and standard deviation across genders was also calculated as presented in Table 4.6.  
 
Table 4.6: The mean score and standard deviation of female and male 
participants’ perception of their performance in mathematics 
Gender 
Level of agreement with the statement:  
I am doing well in mathematics  
N M SD 
Strongly 
disagree 
Disagree 
Neither 
agree 
nor 
disagree 
Agree 
Strongly 
agree 
Female  
6 
2.4% 
10 
4.0% 
37 
14.9% 
50 
20.2% 
15 
6.0% 
118 3.49 0.99 
Male  
1 
0.4% 
10 
4.0% 
55 
22.2% 
50 
20.2% 
14 
5.6% 
130 3.51 0.82 
Total 
7 
2.8% 
20 
8.0% 
92 
37.1% 
100 
40.4% 
29 
11.7% 
248 3.50 0.90 
 
In general, more female participants (n = 16; 6.4%) compared to male participants (n 
= 11; 4.4%) either strongly disagreed or disagreed with the statement “I am doing well 
in mathematics”. More male participants (n = 55; 22.2%) compared to female 
participants (n = 37; 14,9%) adopted a neutral stance and chose to neither agree nor 
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disagree with the statement. There were 34 out of 130 male (25.8%) and 65 out of 118 
female (26.2%) participants who either agreed or strongly agreed with the statement.  
 
The mean scores for female (M = 3.49, SD = 0.99) and male participants (M = 3.51, 
SD = 0.82) are very similar. The mean score for both genders is relatively close to 3.0 
indicating that, in general, both female and male participants tended to neither agree 
nor disagree with the statement “I am doing well in mathematics.” In both cases (the 
female and male participants) having a mean score that is greater than 3.0 suggests 
that the participants, in general, lean slightly towards a perception of doing well in 
mathematics as opposed to disagreeing (strongly or otherwise) that they are doing 
well. A possible reason could be that, because the learners are at a mathematics-and-
science-focus school, they believe they should have an aptitude for mathematics. 
Aptitude testing is conducted prior to admission in Grade 8 and, should learners fail 
mathematics in Grade 9, they must find a different school to attend as mathematical 
literacy is not offered at the school from Grade 10 onwards. Unfortunately, due to the 
small number of mathematics-and-science-focus schools in South Africa, there is no 
research known to the researcher conducted in a South African context on the 
achievement of learners in such a specialised setting.  
 
 SPLIT-FILE ANALYSIS AND INTERPRETATION OF RESULTS  
 
The open-ended item in section B of the questionnaire asked participants to list the 
three most important attributes or behaviours that they think a learner who wants to 
be good at mathematics should have or display. The responses from this open-ended 
item were analysed by means of split-file analysis. A split-file analysis involves splitting 
the sample into groups according to an independent variable, which in this study is the 
grades of participants (Pallant, 2011).  
 
A table of frequency was generated for the responses across the various grades. 
Since this was an open-ended item, participants might have been referring to the same 
or similar attribute or behaviour; however, since different tenses or phrases were used 
(for example, participants may have written: “dedication,” “being dedicated,” or 
“dedicating oneself to their work”), the frequencies for the different responses were not 
high. In addition, a variety of words or phrases were used to represent the same 
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attribute or behaviour (for example: “hard work.” “practice,” “never giving up,” 
“perseverance,” or “determination” all allude to a common behaviour). Thus, it became 
necessary to code the data and categorise common phrases. The researcher, in 
conjunction with the supervisor of this study, decided which words and phrases 
belonged together and categorised these under common themes. Each of the 
participants’ three responses were recorded, coded and categorised. Each of the 
categories was classified under a common theme of either cognitive, affective or 
cognitive-affective. Table 4.7 shows a summary of the various phrases and words that 
were coded into categories and the emergent themes that arose from these 
categories. 
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Table 4.7: Emergent themes from the codes assigned to open-ended items  
Theme Categories Sub-categories 
Frequency of 
responses 
(𝒇) 
Percentage 
In terms if 
the theme 
% 
Cognitive  
26.4% 
Concentration 
 
Concentrate 
Pay attention  
Be attentive  
Focus 
 
83 38.4% 
Understanding 
 
Understanding  
Knowledge  
Knowing 
  
80 37.1% 
Ability 
 
Ability  
Ability to thinking 
Logical or critical 
thinking 
Good or able to work 
with numbers 
Problem solving  
Smart  
 
51 23.6% 
Recall 
 
Memorising  
Remembering  
 
2 
 
0.9% 
 
Sub-total    216 100% 
Affective  
41.0% 
Perseverance 
 
Willingness to learn  
Work ethic  
Ambition  
Determination  
Dedication  
Commitment  
Diligence  
Persistence  
Consistency  
Never giving up  
 
155 46.1% 
Control 
 
Discipline  
Behaviour  
Respect  
Time management  
Procrastination  
Patience  
 
70 20.8% 
Attitude 
 Attitude  
62 18.5% 
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Mindset 
Positivity  
Optimism  
Believe in yourself  
Confidence  
 
Enjoyment and 
Motivation 
 
Enjoy  
Excitement 
Love or liking for 
mathematics 
Love or liking for 
numbers  
Initiative  
Enthusiasm 
Interest  
Fun  
 
49 
 
14.6% 
Sub-total   336 100% 
Cognitive-
Affective 
32.6% 
Effort and Practice 
 
Effort  
Practice 
Hardworking  
Studying  
Do homework  
 
206 
 
77.2% 
Interaction 
 
Listening  
Participation  
Ask for help  
Ask questions 
  
61 
 
22.8% 
Sub-total   267 100% 
Total 822 
 
Although the open-ended item in section B forms part of the standardised 
questionnaire of the WIFI in mathematics learning study, the responses generated 
from this item in other studies have not been reported. The focus of previous WIFI in 
mathematics learning studies was mainly on the 65 Likert scale items (from section D) 
(Seah, 2018; Seah, Baba, et al., 2017; Shinno et al., 2014; Zhang et al., 2015). 
Consequently, it is not possible to compare the responses obtained from the open-
ended item in this study to the responses in previous WIFI in mathematics learning 
studies.  
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 Interpretation of results of open-ended item  
 
The data obtained from the open-ended item in section B of the questionnaire aimed 
to answer the first research sub-question of this study, namely: What are the learners’ 
views on important attributes to mathematics learning? 
 
Prior to discussing the analysis of the data, the five values of the school (see section 
3.8.1) at which this study was conducted are mentioned for ease of reference as these 
values have been compared to the participants’ responses and emergent categories. 
The values of the school are: respect, loyalty, commitment, integrity and 
perseverance. 
 
The most common theme that emerged from the data analysis is the affective domain 
accounting for 41.0% of the responses (with 336 utterances of words or phrases 
relating to affective constructs). The second most referred to theme identified is the 
cognitive-affective domain with a total of 267 (32.6%) utterances relating to constructs 
with cognitive and affective elements. The cognitive domain was found to be the least 
common theme with a total of 216 utterances (26.4%) relating to cognitive attributes.  
As previously discussed in the literature overview of this study (see section 2.5), 
affective constructs such as self-efficacy, attitudes, beliefs and values are strongly 
related to mathematics learning (Ayotola & Adedeji, 2009; Grootenboer & Marshman, 
2016; Niepel et al., 2018; Skaalvik et al., 2015). Moreover, mathematics, mathematics 
learning and mathematics achievement are seen to consist of both cognitive and non-
cognitive elements (Hassi & Laursen, 2015; Lipnevich et al., 2016). Seah and 
Anderson (2015) contended that values and valuing are neither cognitive nor affective; 
instead, values and valuing are both cognitive and affective. Therefore, the cognitive, 
affective and cognitive-affective domains should all be considered when establishing 
what learners value in mathematics learning.  
 
Concentration, understanding, ability and recall are the four categories that emerged 
under the cognitive theme. Concentration emerged as the most commonly valued 
cognitive attribute, with 83 out of 216 utterances (38.4%), accounting for one third of 
participants’ response concerning the cognitive domain. Some of the common 
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responses in this category include: “paying attention,” “be attentive in class,” “stay 
focused” and “concentrate in class”.  
 
A possible reason for concentration to be highly valued could be that participants 
believe that, if they are able to concentrate in class and pay attention to the lesson, 
this may lead to an improved understanding. Improved understanding may enhance 
their mathematical learning experience. Another reason could be that participants find 
it difficult to concentrate for the entire duration of a period or a double period (35 
minutes and 70 minutes respectively) and therefore value concentration because they 
feel that there is room for improvement regarding their ability to concentrate. Seah and 
Peng (2012) investigated the values held by Australian and Swedish participants, in 
relation to effective mathematics learning, and found that concentration was a highly 
valued attribute among Swedish participants, consistent with the findings of the current 
study. 
 
The second cognitive category, understanding, followed closely behind concentration, 
with a total of 80 out of 216 utterances (37.1%) regarding the cognitive domain. 
Participants’ responses in this category included phrases such as “having 
mathematical knowledge,” “knowing mathematics” and “understanding”. Hassi and 
Laursen (2015) supported the view that understanding and logical thinking contribute 
to successful mathematics learning. A possible reason that understanding was a 
common response could be that participants may believe understanding mathematics 
can assist them in learning to solve mathematics problems, since mathematics can 
require the application of knowledge as opposed to mere memorisation of 
mathematics concepts.  
 
There were 51 out of 216 responses (23.6%) pertaining to the cognitive domain that 
valued ability and participants responded in a manner that related mathematical 
learning to their “ability to think” and “ability to solve problems”. In this study, ability 
can be linked to understanding since being able to think or to solve problems may 
require some level of understanding. Only two out of 216 utterances (0.9%) concerning 
the cognitive domain referred to recall or memorisation (“remembering the 
mathematics and formulas”). Mayer (2002) argued that meaningful learning involves 
being able to solve problems and goes beyond the mere recall or memorisation of 
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information. Thus, these results obtained in respect of the cognitive domain indicate 
that the majority of participants’ values are aligned with meaningful learning involving 
problem solving, as opposed to rote learning that requires remembering facts (Mayer, 
2002). 
 
The affective domain formed the second theme, with four underlying categories, 
namely perseverance; control; attitude and enjoyment; and motivation. A considerable 
number of participants (155 out of 336 utterances, 46.1% regarding the affective 
domain) identified perseverance or similar attributes as important. Common 
responses in this category included “commitment,” “dedication,” “willingness” and 
“persistence”. Bass and Ball (2015) agreed that perseverance is an important 
psychological construct that influences mathematics learning. Solving challenging 
mathematical problems and mathematical reasoning requires persistence. Since this 
is a mathematics-and-science-focus-school, emphasis is placed on mathematics 
excellence and teachers regularly remind the learners that mathematics often requires 
dedication and determination, which may have influenced participants’ responses. 
Moreover, perseverance and commitment form part of the five values that the school 
in this study promotes.  
 
The second most valued category in the affective domain was classified as control, 
with a total of 70 out of 336 utterances (20.8%). Control is used to refer to a number 
of sub-categories (see Table 4.7), of which the most common responses related to 
“being disciplined,” “managing time properly” and “respect”. Values in this category 
can be associated with two out of the five values that the school promotes, namely 
respect and integrity. The results from the study conducted by Seah and Peng (2012), 
in which Swedish participants valued “strictness- students are strict with themselves” 
(p. 78), are thus consistent with the results from this study.  
 
Attitude was identified as the third affective category, accounting for 62 out of 336 
utterances (18.5%). A number of studies (Grootenboer & Marshman, 2016; Lim & 
Chapman, 2015; Lipnevich et al., 2016; Niepel et al., 2018) argued that positive 
attitudes are linked to mathematics learning and achievement, more closely than even 
cognitive ability. Participants’ responses suggest that a “positive attitude,” “confidence” 
and “believing in your abilities” are important attributes for mathematics learning. 
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These responses can also be linked to the notion of self-efficacy (see section 2.5), 
which has been found to positively affect mathematics learning and achievement, as 
well as other affective attributes such as persistence and motivation (Ayotola & 
Adedeji, 2009; Skaalvik et al., 2015). Participants could value attitude because they 
may have found that, if they have a positive attitude, they are able to learn 
mathematics better therefore improving their mathematics achievement. In contrast, 
participants with a negative attitude may have found it more difficult or challenging to 
learn mathematics and achieve satisfactory results.  
 
The fourth affective category, enjoyment and motivation, accounted for 49 out of 336 
utterances (14.6%) and common responses included “enjoying mathematics,” “having 
a love for mathematics and numbers” or “being motivated”. Research (Khine, 2015; 
Lim & Chapman, 2012) found correlations between learners’ enjoyment of 
mathematics and their self-confidence levels, which in turn influence their mathematics 
learning and achievement. Atweh and Brady (2009) further suggested that learners 
with a positive perception of and liking for mathematics are more likely to exercise 
increased effort when learning. As this is a school of specialisation, learners with an 
aptitude for and interest in mathematics and science are attracted to the school. This 
interest in mathematics may be a reason for participants valuing enjoyment and 
motivation in mathematics learning.  
 
The most common responses (206 out of 267 utterances, 77.2%) from the open-ended 
item were categorised as effort and practice, under the cognitive-affective theme. 
Common responses from participants in this category include “completing homework,” 
“practicing mathematics,” putting in effort,” and “working and studying hard”. This 
finding is consistent with research conducted in “top performing economies” such as 
Hong Kong and Taiwan, in which participants from these countries strongly valued 
effort (Seah, 2018, p. 568). Findings from section C of the questionnaire (see section 
4.4) further support the importance and value attached to effort and practice. In the 
context of this study, participants may be inclined to value effort since the learners all 
have a fixed curriculum and the school does not offer mathematical literacy as an 
alternative subject for mathematics. Learners are required to work hard and produce 
satisfactory results in order to remain at the school.  
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The second cognitive-affective category identified is interaction, with a total of 61 out 
of 267 utterances (22.8%). Participants’ responses included, “asking questions when 
not sure,” “participating in class activities and discussions,” and “getting help from the 
teacher”. The school at which this study was conducted offers extra mathematics 
lessons after school, during which learners interact with the teacher or tutors (from 
higher grades) who assist them on a one-on-one basis or in small groups, thus 
promoting interaction and discussions. Similar results emerged from the study 
conducted by Seah and Peng (2012) in which Swedish participants valued “one-to-
one assistance by the teacher” (p. 78). 
 
 SEMANTIC DIFFERENTIAL DATA ANALYSIS AND INTERPRETATION OF 
RESULTS  
 
Section C of the questionnaire consisted of ten items along a five-scale continuum. 
The purpose of section C was to establish which end of the continuum participants 
tend to lean towards, and which of the implied constructs represented by each of the 
phrases are valued, if any. Each of the items was scored on a horizontal scale in terms 
of the semantic differential method – “a type of rating scale designed to measure 
connotative meaning” (Shinno et al., 2014, p. 172). The far left of the continuum 
(labelled 2 on the questionnaire) was scored as -2 and represents a strong agreement 
with phrase A. The next column labelled “1” (on the questionnaire) was scored as -1 
and represents a mild agreement with phrase A. The 0 value on the questionnaire, in 
the middle of the five-point continuum, was scored as 0 representing a neutral stance. 
The position on the right of 0 (labelled 1 on the questionnaire) was scored as 1 and 
indicates a mild agreement with phrase B. Lastly, the far right of the continuum 
(labelled 2 on the questionnaire) was scored as 2 and signifies a strong agreement 
with phrase B (see section 3.5.2). The questionnaire made use of only positive values, 
to eliminate any negative association being assigned to a response. Only during the 
data capturing and analysis the left side of the scale was scored as -2 and scoring 
progressed to the far right of the scale which was assigned a value of +2 as shown in 
Table 4.8. 
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Table 4.8: The values assigned to the responses from the semantic differential 
scale 
Phrase A -2 -1 0 1 2 Phrase B 
How the answer to a problem 
is obtained. 
     What the answer to a problem 
is. 
 
Each of the ten phrases in section C represents two separate (and sometimes 
contrasting) constructs on either end of the continuum. Table 4.9 indicates each of the 
ten phrases as well as the various constructs represented by each phrase. 
 
Table 4.9: Illustration of the different constructs represented by each phrase in 
section C  
Item 
 
Phrase A 
Construct 
represented by 
phrase A 
 
Phrase B 
Construct 
represented 
by phrase B 
1 
How the answer to a 
problem is obtained. 
Process 
What the answer to a 
problem is. 
Product 
2 Feeling relaxed or 
having fun when doing 
maths. 
Fun 
Hard work is needed 
when doing maths. 
Work 
3 
Leaving it to ability 
when doing maths 
Ability 
Putting in effort when 
doing maths. 
Effort 
4 Applying maths 
concepts to solve a 
problem. 
Application 
Using a rule or formula 
to find the answer. 
Computation 
5 Truths and facts, 
which were 
discovered. 
Fact 
Mathematical ideas 
and practices used in 
life. 
Idea 
6 Someone teaching 
and explaining maths 
to me. 
Explanation 
Exploring maths by 
myself or with friends. 
Exploration 
7 Remembering maths 
ideas, concepts, rules 
or formulae. 
Recalling 
Creating maths ideas, 
concepts, rules or 
formulae. 
Creating 
8 
Telling me what a 
triangle is. 
Rationalism 
Letting me see 
examples of triangles 
to understand their 
properties. 
Objectivism 
9 Demonstrating and 
explaining maths 
concepts and proofs. 
Openness 
Keeping maths 
magical. 
Mystery 
10 Using maths to predict 
or explain events, i.e. 
staying in control 
Control 
Using maths for 
development and 
progress 
Progress 
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The data from the ten semantic differential items in section C of the questionnaire were 
analysed using a table of frequencies and measures of central tendency. Table 4.10 
illustrates the frequencies of responses across the various dimensions for the entire 
sample, as well as the mean and standard deviation for each of the ten items. A 
negative mean indicates a tendency among participants to value phrase A, while a 
positive mean suggests participants tend to value phrase B. It must be noted, however, 
that the mean is not necessarily representative of the responses and the frequency 
table provides a more holistic representation of the distribution of the data. 
 
Table 4.10: Distribution of frequencies for each of the ten semantic differential 
items for the entire sample 
Construct 
Frequency of responses (𝒇) 
N M SD Phrase A 
Strong 
Phrase A 
Mild 
Neutral 
Phrase B 
Mild 
Phrase B 
Strong 
C1 Process - 
Product 
90 
36.9% 
68 
27.9% 
51 
20.9% 
20 
8.2% 
15 
6.1% 
244 
100.0% 
-.81 1.20 
C2 Fun -Work 
47 
19.0% 
42 
17.0% 
83 
33.6% 
42 
17.0% 
33 
13.4% 
247 
100.0% 
-.11 1.28 
C3 Ability-Effort 
9 
3.6% 
14 
5.6% 
41 
16.5% 
85 
34.1% 
100 
40.2% 
249 
100.0% 
1.02 1.06 
C4 Application -
Computation 
26 
10.5% 
26 
10.5% 
118 
47.6% 
33 
13.3% 
45 
18.1% 
248 
100.0% 
.18 1.16 
C5 Fact-Idea 
35 
14.1% 
48 
19.4% 
93 
37.5% 
40 
16.1% 
32 
12.9% 
248 
100.0% 
-.06 1.20 
C6 Explanation-
Exploration 
85 
34.1% 
64 
25.7% 
67 
26.9% 
9 
3.6% 
24 
9.6% 
249 
100.0% 
-.71 1.24 
C7 Recalling-
Creating 
61 
24.5% 
67 
26.9% 
69 
27.7% 
32 
12.9% 
20 
8.0% 
249 
100.0% 
-.47 1.22 
C8 Rationalism-
Objectivism 
14 
5.6% 
13 
5.2% 
48 
19.3% 
68 
27.3% 
106 
42.6% 
249 
100.0% 
.96 1.16 
C9 Openness-
Mystery 
100 
40.3% 
60 
24.2% 
53 
21.4% 
14 
5.6% 
21 
8.5% 
248 
100.0% 
-.82 1.26 
C10 Control-
Progress 
11 
4.5% 
21 
8.5% 
124 
50.2% 
42 
17.0% 
49 
19.8% 
247 
100.0% 
.39 1.04 
 
Not all 249 participants responded to each of the constructs. A possible reason could 
be that they were undecided or unsure of how to respond to the item. Therefore, there 
is a variation in the total number of participants per construct as discussed next. Most 
participants (158 out of 244; 64.8%) valued process (M = -0.81, SD = 1.2) over product 
(35 out of 244 participants; 14.3%). A substantial number of participants (185 out of 
249; 74.3%) valued effort over ability (23 out of 249 participants; 9.2%). Explanation 
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was more strongly valued, by 149 out of 249 participants (59.8%), in comparison to 
exploration which was valued by 33 out of 249 participants (13.2%). Some participants 
valued recalling (128 out of 249 participants; 51.4%) over creating (52 out of 249 
participants; 20.9%) and objectivism was valued, by 175 out of 249 participants 
(69.9%), over rationalism, valued by 27 out of 249 participants (10.8%). Openness 
was valued by 160 out of 248 participants (64.5%) as opposed to mystery valued by 
35 out of 248 participants (14.1%). Progress was valued by 91 out of 247 participants 
(36.8%) in relation to control which was valued by 31 out of 247 participants (13.0%).  
 
From analysing the mean scores (as presented in Table 4.10), it is notable that 
participants tend to value effort over ability and objectivism over rationalism. Both 
findings are consistent with the distribution of frequencies. In general, participants tend 
to value openness as opposed to mystery; process over product; and explanation 
rather than exploration. No clear value preference emerged for Items 2 (having fun 
versus hard work), 4 (applying mathematical concepts versus using rules and formulae 
to solve problems), 5 (discovering truths and facts versus ideas and practices), 7 
(remembering versus creating mathematics ideas, concepts, rules and formulae) and 
10 (using mathematics for control or progression purposes). Each of these Items (2, 
4, 5, 7 and 10) have a mean score that is relatively close to 0 and the table of frequency 
suggests that most participants responded selecting 0, indicating a neutral disposition 
among participants.  
 
As mentioned, the mean scores are not necessarily representative of the participants’ 
responses, especially considering that the standard deviation for each item was 
greater than 1. These relatively high standard deviation scores suggest that the 
responses vary significantly across the various levels. Therefore, the table of 
frequencies provide a more holistic representation of the spread of the responses than 
the mean scores.  
 
 Interpretation of results from the semantic differential items  
 
The data collected from section C of the questionnaire aimed to answer the second 
research sub-question and establish the value preferences of 8 to 10 learners from a 
public, mathematics-and-science-focus school in Johannesburg in respect of their 
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mathematics learning. Some of the findings in respect of section C of this study support 
the findings of the Japanese WIFI in mathematics learning study (Shinno et al., 2014) 
to some extent.  
 
The results of the Japanese study (Shinno et al., 2014) revealed that participants 
explicitly valued process over product, effort over ability and openness over mystery. 
In Thailand, it was found that participants value process (amongst other values), while 
in Turkey participants were found to value objectivism (in addition to other values) 
(Seah, 2018). These same results have been found in the current study, while 
additionally, participants in this study value explanation over exploration and 
objectivism over rationalism.  
 
Rationalism can be viewed as valuing deductive reasoning, logical thinking and proofs 
that have to do with the accuracy of solutions and explanations (Bishop, 2002). 
Objectivism, on the other hand, is concerned with the application of mathematics 
knowledge and concretising the abstract nature of mathematics (Bishop, 2002). A 
possible explanation for valuing objectivism over rationalism could be that learners are 
often required to apply their mathematical knowledge and to solve problems, 
particularly in assessments.  
 
In comparison to the open-ended item, the value preferences revealed in section C 
relate to the values identified from participants’ responses from section B. For 
instance, in section B, effort was strongly valued (206 out of 267 utterances in the 
cognitive-affective domain; 77.2%) over ability (51 out of the 336 utterances in the 
cognitive domain; 23.6%) and Item 3 from section C supports this finding with 185 
participants (74.3%) valuing effort while 23 participants (9.2%) appreciate ability. 
Consistent with the findings obtained in this study, the results obtained for participants 
from Hong Kong and Taiwan also indicate a strong valuing of effort (Seah, 2018). As 
previously mentioned, in section 4.3, learners at the school at which this study was 
conducted have a fixed curriculum. Therefore, they often have to work hard and put in 
a lot of effort to pass all subjects and remain at the school, which could be one of the 
reasons why effort is highly valued over ability. 
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Recalling was mentioned on two occasions in section B, while creating was not 
mentioned at all. Item 7 (remembering versus creating mathematics ideas, concepts, 
rules or formulae) from section C complements this finding in section B, suggesting 
that recalling is valued over creating. Participants from the WIFI in mathematics 
learning study conducted in Hong Kong and Taiwan were also found to value recall, 
while participants from Korea and Macau did not value recall (Seah, 2018). Formal 
tests and assessments are more frequently carried out than investigations, which 
could be a possible reason why recalling is valued over creating. Learners at this 
school are also not often given the opportunity to be creative or to investigate 
mathematical concepts, due to time constraints and the importance that is placed on 
syllabus completion, which may be contributing factors to the participants’ value 
preferences. 
 
In this study, explanation was valued over exploration. Research conducted in 
Australia and Sweden revealed similar results with participants valuing explanations 
provided by the teacher as well as explanations by learners themselves to the rest of 
the class (Seah & Peng, 2012). A potential reason that participants value explanations 
over explorations (and openness over mystery) could be that learners, at this particular 
school, are more exposed to explanations and a teacher-driven pedagogical approach 
rather than investigations and explorations. Conducting investigations and exploring 
mathematical knowledge are often time-consuming activities and with the pressure of 
completing the curriculum and assessment tasks, it is challenging to explore and 
investigate mathematics knowledge and concepts. Thus, explanations are favoured 
over explorations.  
 
It is important to note that participants may have valued explanation, openness, 
objectivism and recalling because of the manner in which teaching occurs at this 
specific school, as well as the structure of the curriculum. Participants could have 
preferred these values over other values since they are more exposed to these values, 
perhaps implicitly, and not necessarily because they feel these values are more 
important than others.  
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 LIKERT SCALE DATA ANALYSIS AND INTERPRETATION OF RESULTS  
 
 Principal Component Analysis and reliability analysis of the Likert scale 
data  
 
The sample of this study involved 249 participants which, although exceeding 150 
cases (the number considered to be the threshold of a small sample, in relation to the 
number of items in the questionnaire), might still be considered inadequate (Pallant, 
2011). The ratio of cases to items is 3.8:1 as opposed to a suggested 5:1 (Pallant, 
2011). Therefore, it was necessary to conduct preliminary tests to measure the 
sampling adequacy and factorability of the data, prior to conducting Principal 
Component Analysis (PCA). 
 
Initially, all 65 Likert scale items were tested for sampling adequacy. The Kaiser–
Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity 
verified the sampling adequacy for PCA. The results from these tests are presented in 
Table 4.11. 
 
Table 4.11: Preliminary tests of sampling adequacy and factorability of all 65 
items from section D 
KMO and Bartlett’s test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 
.841 
Bartlett's Test of Sphericity 
Approx. Chi-Square 7189.062 
Df 
2080 
Sig. 
.000 
 
The KMO measure of sampling adequacy was .84, which is great, according to Field 
(2009). Bartlett’s test of sphericity tested the overall significance of correlations within 
the correlation matrix and was found to be significant (𝜒2 (249) = 7189.06, p < .05). 
This significant result suggests that the correlations between items were sufficiently 
large (Field, 2009; Pallant, 2011). Based on the results from the KMO measure of 
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sampling adequacy, Bartlett’s test of sphericity and the diagonals of the anti-image 
correlation matrix, it was deemed appropriate to employ PCA on this set of data. 
 
The diagonals of the anti-image correlation matrix (see Annexure G) were also 
inspected and all items revealed a value above .5, indicating that the sample is 
adequate for the given pair of variables (Field, 2009). A total of 64 out of the 65 items 
revealed a value above .6 with only Item 50 having a correlation of .51, very close to 
the cut-off point of .5. 
 
At first, an Exploratory Factor Analysis (EFA), employing Principal Component 
Analysis (PCA) as the extraction method, was conducted on all 65 items and the 
results revealed 16 components with initial eigenvalues above 1, explaining 
approximately 63,5% of variance (see Annexure H). The data did not produce a 
pattern matrix, however, as the rotation failed to converge in 25 iterations. In addition, 
the component matrix (see Annexure I) revealed that components one to seven were 
densely populated, while components eight to 16 were sparsely populated. Only 19 
out of the 65 items loaded onto a component between eight and 16. In addition, all of 
the items loading onto a component between eight and 16 had a low loading and these 
items were cross-loaded with other components between one and seven. It was also 
found that the items loaded more strongly onto a component between one and seven, 
as opposed to a lower loading onto a component between eight and 16 (see Annexure 
I). Moreover, the initial scree plot (see Annexure J) revealed a slight point of inflection 
or “elbow” at component seven, further supporting the decision to force seven 
components.  
 
Subsequently, Item 50 was removed due to poor sampling adequacy (.51, barely 
above the cut-off point of .5), revealed from inspecting the diagonal of the anti-image 
correlation matrix (see Annexure G). Thereafter, the researcher together with a data 
analyst from Statkon at the University of Johannesburg, decided to rerun the PCA, 
using Oblimin rotation and forcing seven components. The results from this analysis 
explained 46,7% of the total variance and the pattern matrix structure was 
unsatisfactory with several items displaying no loading onto any one component, and 
other items displaying a high cross-loading onto multiple components (see Annexure 
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K and L). In addition, three of the remaining 64 items had low communalities (below 
.3) (see Annexure M).  
 
Consequently, the researcher together with the data analyst began removing items, 
one by one, in order to improve the total variance explained and to obtain a cleaner 
pattern matrix. Eventually, a total of 27 items were eliminated as a result of either (a) 
not loading onto any one component; (b) a high cross-loading onto multiple 
components; or (c) a low communality (below .3). Table 4.12 represents the order in 
which items were eliminated from the analysis and the reason for removing the item.  
 
Table 4.12: Items eliminated from final PCA and the reason for removal  
Item 
Number 
Description Reason 
50 Getting the correct answer Sampling adequacy too low (.51) 
5 Explaining by the teacher or lecturer Low communality (below .3) 
41 Teacher/Lecturer helping me individually Low communality (below .3) and 
no loading  
27 Being lucky at getting the correct answer Low communality (below .3) 
28 Knowing the times tables Low communality (below .3) 
32 Using mathematical words (E.g. angle or 
denominator) 
No loading  
29 Making up my own mathematics questions High cross loading  
25 Mathematical games High cross loading 
48 Using physical objects to understand 
mathematics (E.g. an abacus, 
manipulatives, plastic figures, etc.) 
High cross loading 
20 Mathematics puzzles or riddles [E.g. What is 
the smallest positive whole number that 
contains the letter ‘a’, when written in 
words?] 
High cross loading 
21 Learners/students reviewing mathematics 
problems 
High cross loading 
53 Lecturer/Teacher using keywords of 
mathematics terminology (e.g. ‘share’ to 
signal division; contrasting ‘solve’ and 
‘simplify’) 
No loading  
36 Practicing with lots of questions High cross loading 
46 Me asking questions No loading  
58 Knowing which formula to use High cross loading 
44 Feedback from my teacher/lecturer High cross loading 
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14 Memorising facts (E.g. Area of a rectangle = 
length x breadth) 
High cross loading 
42 Working out the mathematics by myself High cross loading 
31 Verifying theorems No loading  
52 Hands-on activities (E.g. Lego blocks or 
place value cards 
High cross loading 
47 Using diagrams to understand mathematics No loading  
8 Learning the proofs/theory High cross loading 
34 Outdoor mathematics activities High cross loading 
10 Relating mathematics to other subjects in 
school or university courses 
High cross loading 
59 Knowing the theoretical aspects of 
mathematics (E.g. proofs, definitions or 
types) 
No loading  
56 Knowing the steps of the solution High cross loading 
13 Practicing how to use mathematics formulae High cross loading 
 
Once each of the 27 items was individually eliminated, a final PCA was conducted on 
the remaining 38 items using Oblimin rotation, to extract seven components that 
explain 55.4% of the total variance. The final PCA calculated the KMO measure of 
sampling adequacy at .83, well above the threshold of .6 and Bartlett's test of sphericity 
was significant (𝜒2 (249) = 3727.77, p < .05). The results from the KMO measure of 
sampling adequacy and Bartlett’s test of sphericity for the final PCA are presented in 
Table 4.13. 
 
Table 4.13: Final results from the sampling adequacy tests and factorability of 
the remaining 38 items in section D 
KMO and Bartlett’s test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .832 
Bartlett's Test of Sphericity 
Approx. Chi-Square 3727.766 
Df 703 
Sig. .000 
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An examination of the correlation matrix revealed that each of the remaining 38 items 
correlated with at least one other item above .3, suggesting reasonable factorability of 
the data. The diagonals from the final anti-image correlation matrix (see Annexure N) 
all had values above .5, indicating acceptable sampling adequacy of each of the items.  
 
The structure matrix suggests that correlations between components and variables 
(Field, 2009; Pallant, 2011) and the structure matrix coefficients for the remaining 38 
items (see Annexure O) reveal adequate correlations of each item with at least one 
component above .5.  
 
The pattern matrix provides information in respect of the item loadings of each variable 
on each component (Field, 2009; Pallant, 2011). The communalities of the 38 items 
were all above .4, (see Table 4.18), confirming that each of the remaining 38 items 
shared some common variance with other items. Each of the 38 items have a pattern 
matrix coefficient above .4 (loading strongly onto a component) as represented in 
Table 4.14. Although Table 4.14 is lengthy, it has been included in the text rather than 
an Annexure for ease of reference as it reveals pertinent information in respect of the 
data analysis results.  
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Table 4.14: Pattern matrix showing the component loadings and 
communalities for each of the 38 items used in the final PCA 
Pattern Matrix 
 
Item 
Component 
C
o
m
m
u
n
a
li
ti
e
s
 
1 2 3 4 5 6 7 
D57  .716       .670 
D37  .668       .573 
D43  .638       .611 
D2  .489       .413 
D62  .459       .520 
D26  .443       .536 
D1  .431       .453 
D35  .419       .444 
D61   .736      .661 
D17  -.345 .732      .653 
D18   .727      .596 
D39   .714      .608 
D40   .662      .525 
D60   .647      .541 
D12   .642      .559 
D11   .469      .513 
D23    .821     .684 
D24    .761     .611 
D22    .586     .458 
D4    .573     .507 
D55    .550     .407 
D7     .757    .562 
D3     .700    .515 
D45     .605    .446 
D9   .325  .523    .530 
D19  .380   .501    .503 
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D6      -.696   .590 
D38      -.653   .484 
D49      -.552   .557 
D33      -.527   .494 
D54B       -.810  .733 
D54A       -.797  .682 
D64       -.582  .492 
D63       -.544  .481 
D16       -.822 .704 
D15        -.809 .733 
D30        -.696 .612 
D51        -.519 .405 
Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization.a 
a Rotation converged in 15 iterations. 
 
Following the PCA, various reliability tests, such as Cronbach’s Alpha coefficient, 
mean inter-item correlations, and corrected item-total correlations were carried out. 
The Cronbach’s Alpha coefficient, a common measure of internal consistency 
reliability, was calculated for each of the seven components (Pallant, 2011). However, 
since some of the components consist of only a small number of items (less than 10), 
and the Cronbach’s Alpha coefficient is sensitive to the number of items, it was 
appropriate to consider the mean inter-item correlation as well (Pallant, 2011). In 
addition, the corrected item-total correlation was calculated on each item of the seven 
components, to provide an indication of the degree to which each item correlates with 
the total score (Field, 2009; Pallant, 2011). The results from the reliability analyses are 
presented in Table 4.15.  
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Table 4.15: Relevant reliability analysis results on each of the seven 
components  
Component 
Cronbach Alpha 
coefficient  
Mean inter-item 
correlation 
Range of 
corrected item-
total correlation  
1- Mathematics practice 
and problem solving  
.83 .38 .43 to .68  
2- Mathematics in the 
real world  
.87 .45 .55 to .67 
3- Information 
Communication 
Technology (ICT) and 
computation 
.72 .34 .40 to 55 
4- Discussion and 
interaction 
.68 .30 .40 to .46  
5- Progressive learning  .67 .35 .37 to .59  
6- Ways of 
understanding and recall 
.80 .49 .50 to 69  
7- Alternate methods 
and solutions  
.75 .41 .29 to .67 
 
The Cronbach’s Alpha coefficient for five of the seven components was above the 
acceptable .7 mark (Pallant, 2011). Components four and five have a Cronbach’s 
Alpha coefficient of .68 and .67 respectively which is relatively close to, but below .7. 
It is notable that both components have less than ten items each, with five items in 
component four and four items in component five. As suggested by Pallant (2011), 
reliability analysis on a set of data consisting of ten or less items can result in a low 
Cronbach’s Alpha coefficient. Therefore, it is necessary to consider the mean inter-
item correlation for components four and five. Components four and five have a mean 
inter-item correlation of .30 and .35 respectively, falling between the ideal range of .2 
and .4 (Pallant, 2011). In addition, the corrected item-total correlations ranged 
between .40 and .46 for component four and between .37 and .59 for component five. 
Both results are above the recommendation of .3 (Field, 2009; Pallant, 2011). 
Therefore, these corrected item-total correlations obtained for components four and 
five indicate that the items in each of these two components correlate with the total 
score (Field, 2009).  
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The mean inter-item correlation for each of the seven components were above .3 and 
the corrected item-total correlation across all seven components ranged from .29 to 
.68. All items, except Item 51, in the seventh component, had a corrected item-total 
correlation above .3. Based on the initial Cronbach’s Alpha coefficient calculated at 
.75 (above .7) and the mean inter-item correlation at .41 (above .3), it was decided to 
retain Item 51 in the seventh component. Additionally, component seven is made up 
of a small number of items (four items) and eliminating Item 51 would further decrease 
the number of items in the component. Moreover, Item 51 can be related to the other 
three items to some extent. For example, when “looking for different possible answers” 
(Item 16), “looking for different ways to find the answer” (Item 15) or “using alternate 
methods” (Item 30), it is possible to make mistakes and then learn from these mistakes 
(Item 51). From own practice, I have found that, when learners sometimes try to use 
a different method to solve a problem, they get a different answer, which provides an 
opportunity for them to find the error and then learn from their mistakes.  
 
Based on the reliability analysis as presented in Table 4.15 and the careful 
examination of certain items and components as discussed above, it was decided by 
the researcher in conjunction with the data analyst to retain all 38 items, across the 
seven components, as illustrated in Table 4.14. The seven components that have 
emerged from the PCA are unique to this study and have been appropriately named 
as presented in Table 4.16. 
 
Table 4.16: Classification of the seven components identified from the PCA  
Component Classification 
1 Mathematics practice and problem solving 
2 Mathematics in the real world 
3 Information Communication Technology (ICT) and computation 
4 Discussion and interaction 
5 Progressive learning 
6 Ways of understanding and recall 
7 Alternate methods and solutions 
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 Interpretation of PCA from Likert scale items  
 
The data obtained from section D aimed to answer the overarching research question 
of this study by establishing the values that Grade 8 to 10 learners from a public, 
mathematics-and-science-focus school in Johannesburg associate with mathematics 
learning.  
 
A previous study (Zhang et al., 2015) utilising the WIFI in mathematics learning 
questionnaire was conducted in mainland China, Hong Kong and Taiwan involving a 
total of 1383 participants to explore the value structure of these three Chinese regions. 
The results from the PCA revealed the following six components: achievement, 
relevance, practice, communication, ICT and feedback. Although each of these three 
regions share some common Chinese culture, there were statistically significant 
differences in each of the regions (Zhang et al., 2015). A different study (Seah, Baba, 
et al., 2017), conducted among 1081 Hong Kong and 3818 Japanese participants, 
assessed what participants value in their mathematics education experiences. The 
results from analysing the Hong Kong and Japanese participants’ responses revealed 
nine components each, with different items in each of the components (Seah, Baba, 
et al., 2017). The Hong Kong participants valued the following components: 
explorations, alternative approaches, effort, (mathematics) identity, recall, ICT, 
feedback, applications, and exposition (Seah, Baba, et al., 2017). On the other hand, 
the Japanese participants identified the following nine components: wonder, creativity, 
results, others’ involvement, know-how, ICT, discussion, reality, and mystery. 
 
From the results of these WIFI in mathematics learning studies, it can be seen that 
values are socially situated and constructed and therefore context dependent (Seah, 
Baba, et al., 2017; Zhang et al., 2015). Consequently, the seven components identified 
in this study are situated within a South African context and are unique to the broader 
WIFI in mathematics learning study. It is notable that each of the studies mentioned 
above, as well as this study, share a common component labelled ICT; however, the 
items that make up this component vary across all the regions.  
 
In relation to the seven components identified in this study (see Table 4.16), it is 
noteworthy that although each component is concerned with the values that learners 
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associate with mathematics learning, the sequence of the components is not 
necessarily indicative of the degree of importance of each component. For example, 
Component one: Mathematics practice and problem solving is not necessarily more 
highly valued than Component two: Mathematics in the real world. Descriptive 
analyses were conducted on all 65 items (see Annexure P) and the mean was 
considered a measure of the degree of importance. The mean scores are referred to 
in each of the subsequent sub-categories (see section 4.5.2.1. to section 4.5.2.7) that 
discuss each of the seven components.  
 
 Mathematics practice and problem solving  
 
The first component, namely Mathematics practice and problem solving, consists of 
eight items and explains 22.2% of the total variance. Common values in this 
component include: doing mathematics homework and exercises, completing 
mathematical tasks and investigations, and problem solving. Considering the school 
at which this study was conducted, the learners are given mathematics homework 
almost daily and there is a focus on mathematics and science excellence. The context 
of the study could therefore be a contributing factor to the importance participants 
associate with completing mathematics exercises and homework.  
 
It can be argued that homework is useful as a tool to assist learners by supplementing 
learning activities and providing an opportunity to practice concepts that were taught 
(Cooper, Robinson, & Patall, 2006). However, homework can also inadvertently widen 
the achievement gap between learners from high and low socioeconomic backgrounds 
(Cheema & Kitsantas, 2014). For instance, learners from wealthy backgrounds are 
more likely to have access to resources and parents who are willing and/or able to 
assist them, as opposed to learners from lower socioeconomic backgrounds 
(Kitsantas, Cheema, & Ware, 2011). In the context of this study, homework is usually 
given with the intent of providing learners with an opportunity to practice the work that 
was taught during the lesson. Moreover, the contact time is not always sufficient to 
practice the variety of questions in an exercise, therefore some questions are done in 
class and others are given for homework.  
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Another element of this component involves problem solving. Problem solving can be 
related to completing homework and exercises and practicing mathematics, since 
mathematics questions often require some level of problem solving. For example, 
exercises often consist of some basic (level 1 type) questions and then some 
questions that require application, critical thinking, and problem solving (level 4 type 
questions). Assessments are usually set in a similar manner, where there are various 
levels of questions that are progressively challenging. Problem solving also emerged 
as a value from the responses of the open-ended item in section B, which include 
values such as “problem solving” and “being able to solve problems” (see Table 4.7).  
 
The results of this first component are related to the results from section B and section 
C. The open-ended item in section B revealed 206 utterances relating to effort and 
practice, with a common response being “complete homework” (see Table 4.7). 
Complementary to this were the results from Item 3 in section C with 74.3% of 
participants who valued effort in contrast to the 9.2% of participants who valued ability 
(see Table 4.10). In addition, the mean scores (see Annexure P) for each of the eight 
items in the first component were all above 3.7, indicating that, in general, participants 
value and accord some level of importance to each of the items. Item 62, namely 
completing all mathematics work, problems, exercises or tasks, has the highest mean 
for this component (M = 4.14, SD = 0.99), which aligned with the results from section 
B and C that indicate the importance participants attach to effort and practice.  
 
 Mathematics in the real world 
 
The second component, namely Mathematics in the real world, consists of eight items 
that explain 9.08% of the total variance. The items in this component relate to stories 
about mathematics, the history of mathematics, the mystery of mathematics and 
mathematics in real life. The mean scores for the eight items range from 2.66 to 3.73 
which indicates an almost “neutral” disposition to each of the items. Item 12 
(connecting mathematics to real life) has the highest mean score (M = 3.73, SD = 
1.09), while Item 17 (stories and the history of mathematics) has the lowest mean (M 
= 2.66, SD = 1.13). 
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A possible reason for this component having low mean scores could be the focus 
placed on completing the prescribed, content driven curriculum implemented in South 
African schools. Therefore, the pressure to complete the curriculum and the time 
constraints teachers face make it challenging to always relate mathematics to the real 
world and provide the history of the subject during teaching time. In addition, some 
mathematical concepts, for example, aspects relating to functions or calculus, are 
abstract by nature and are therefore not easily relatable to the real word. Additionally, 
questions from the textbook are not always realistic and school mathematics problems 
often have nothing to do with the real world (Bishop, 2002). In contrast, Kaminski, 
Sloutsky, and Heckler (2008) argued that grounding mathematical concepts in a 
concrete context can limit their applicability and learners might not be able to 
generalise and apply their knowledge to different situations. Furthermore, they argued 
that it might be more effective to introduce concepts in a single generic or abstract 
manner than using multiple concrete examples (Kaminski et al., 2008). 
 
There were no responses from section B that related to real-life mathematics. Item 5 
from section C (discovering truths and facts versus ideas and practices in real life), 
relates to the second component identified from the PCA. The results for Item 5 in 
section C indicate no clear value preference among participants, with 33.5% of 
participants valuing fact versus 29.0% of participants valuing ideas and 37.5% of 
participants further adopting a neutral position. However, the results from Item 8 in 
section C, measuring objectivism (telling me what a triangle is) versus rationalism 
(letting me see examples of a triangle to understand its properties) are dissimilar to 
the neutral disposition obtained from Item 5 in section C. The results from Item 8 in 
section C reveal that 69.9% of participants value objectivism; in contrast, 10.8% of 
participants prefer rationalism and 19.3% of participants display a neutral stance. 
 
 Information Communication Technology (ICT) and computation 
 
Information Communication Technology (ICT) is the only component (of the seven in 
this study) that has been identified in other WIFI in mathematics learning studies as 
well (Seah, Baba, et al., 2017; Shinno et al., 2014; Zhang et al., 2015). However, the 
five items (Items 4, 22, 23, 24 and 55) that make up the ICT component in this study 
are not necessarily the same items that form the ICT component identified in other 
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studies. The five items in the ICT and communication component identified in this 
study explains 7.49% of the total variance.  
 
Considering the descriptive statistics (see Annexure P) for each of the five items in the 
ICT component in this study, the mean scores range from 3.11 to 4.13. Item 24 
(learning mathematics with the internet) reflects a neutral position (M = 3.11, SD = 
1.05) and participants in general did not find this behaviour particularly important. The 
reason for this value-neutral result could be that the classrooms at the school in this 
study do not have internet access and the participants cannot easily access the 
internet at home (due to financial constraints, since many of the learners at the school 
are from previously disadvantaged backgrounds). In addition, homework tasks or 
assessments given to learners seldom involve the use of internet and generally rely 
on textbooks.  
 
Item 22 (using the calculator to check the answer) has the highest mean score (M = 
4.13, SD =0.92) of the five items in this component. In the context of this study, the 
Grade 8 learners are allowed to use a calculator during certain assessments and in 
some sections (for example, financial mathematics and statistics). From Grade 9 
onwards, learners are allowed to use scientific non-programmable calculators. 
Consequently, many learners develop calculator-dependency and will even use 
calculators in questions that state “simplify without the use of a calculator” (for 
example, special angles in Trigonometry). This reliance on the calculator that learners 
develop could be a contributing factor to the high mean score and associated 
importance of Item 22. The results from component three could not be related to the 
results obtained from section B or C.  
 
The study exploring Japanese learners’ values in mathematics learning, conducted by 
Shinno et al. (2014), also utilised Principal Factor Analysis (PFA) to analyse the data. 
The results from the PFA revealed five factors, of which ICT was the fifth, consisting 
of three items (Items 23, 24 and 25) (Shinno et al., 2014). The WIFI in mathematics 
learning study conducted by Zhang et al. (2015) suggested that the ICT component 
(consisting of Items 4, 22, 23 and 24) was the least valued component among 
participants from all three regions: mainland China, Hong Kong and Taiwan, in 
comparison to the other five components identified. It is worth noting that the Hong 
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Kong participants were found to value ICT more than the Chinese and Taiwanese 
participants (Zhang et al., 2015). A different WIFI in mathematics learning study (Seah, 
Baba, et al., 2017), involving participants from Hong Kong and Japan, found that the 
ICT component from the Hong Kong study consisted of Items 4, 22, 23, 24 and 27, 
while the Japanese study’s ICT component consisted of Items 22, 23, 24 and 25 
(Seah, Baba, et al., 2017). The results obtained from both studies revealed that 
participants from both regions valued different items categorised under the ICT 
component. 
 
 Discussion and interaction  
 
Component four, labelled Discussion and interaction, comprises five items (Items 3, 
7, 9, 19 and 45), and explains 5.09% of the total variance. The descriptive statistics 
reveal mean scores for the five items in the fourth component ranging from 2.89 to 
3.23. From these mean scores, it can be seen that the items in this component are not 
strongly valued among participants and, in general, participants find these activities 
unimportant or have adopted a neutral position towards them. One possible reason 
for the lack of importance awarded to these values could be curriculum demands. 
Often there is a lack of time to have discussions and debates during teaching time. 
While there is an attempt to engage learners during the lesson, the discussions often 
arise from a learner asking a question because he/she did not understand, as opposed 
to a debate or in-depth discussion relating to the history of mathematics, for instance. 
The lack of importance awarded to Discussion and interaction is contrary to literature 
findings suggesting that discussions in the mathematics classroom are essential for 
teaching-and learning and discussions create an opportunity to construct meaning, 
enhance conceptual understanding, and develop learners’ thinking and reasoning 
skills (Boerst, Sleep, Ball, & Bass, 2011; Molefe & Brodie, 2010). Furthermore, Molefe 
and Brodie (2010) have acknowledged that, although “time is a scarce resource,” this 
constraint should not prevent learners from advancing their thinking and reasoning 
skills.  
 
The responses to the open-ended item in section B of the questionnaire revealed 61 
utterances relating to interaction. Some of the section B responses of participants 
included phrases such as: “listening in class,” “asking questions when you don’t 
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understand” and “ask the teacher for help”, which further support the suggested 
interpretation of component four. From the results obtained in respect of the open-
ended item in section B, it can be seen that participants do find it important to listen 
(as opposed to talk - there were no responses valuing talking). The participants tend 
to value discussions where the teacher is providing assistance or answering a 
question, rather than a class discussion or debate (for which there were also no 
responses). As already mentioned, the dominant pedagogical approach at this 
particular school is teacher-driven. Thus, teaching mostly involves teachers explaining 
the work as opposed to learners exploring, investigating or discussing. Learners 
mostly interact in the class by asking questions if they do not understand something, 
which could therefore be influencing the importance associated with interaction in the 
sense of listening, asking questions and asking for help.  
 
Previous WIFI in mathematics learning studies (Seah, Baba, et al., 2017; Zhang et al., 
2015), revealed differing results and different items in a component related to 
discussion or interaction. For instance, the Hong Kong study (Zhang et al., 2015) 
revealed that primary school participants valued Items 3, 7 and 10 as a component 
classified as communication. A different WIFI in mathematics learning study (Seah, 
Baba, et al., 2017), however, revealed that Japanese participants valued Items 3, 7 
and 9 together under a single component labelled discussion and Hong Kong 
participants valued Item 7 which belonged to a component named exposition along 
with Items 5 and 6. These findings support the notions that values are not universal 
and that the values participants find important are context dependent.  
 
 Progressive learning  
 
Component five, labelled Progressive learning, consists of four items (Items 6, 33, 38 
and 49) explaining 4.05% of the total variance. The mean scores for the four items 
range from 4.23 to 4.50, indicating that in general, participants find all four of the items 
important. It is notable that in previous WIFI in mathematics learning studies (Seah, 
Baba, et al., 2017; Seah & Barkatsas, 2014; Zhang et al., 2015), these four items were 
not grouped together in any single component and one or more of the items were 
eliminated from the component analysis in the above-mentioned studies.  
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In a study Seah and Barkatsas (2014) conducted with 63 Australian primary school 
participants, Item 33 was removed, whereas Items 38 and 49 belonged to a 
component labelled achievement and Item 6 was placed in the component classified 
as humanism. In another WIFI in mathematics learning study (Zhang et al., 2015), 
Item 6 was removed and the remaining three items (Items 33, 38 and 49) were placed 
in the achievement component, together with 14 other items. A third WIFI in 
mathematics learning study (Seah, Baba, et al., 2017) revealed that, with the data 
from the Hong Kong participants, Item 33 had to be removed while Items 6, 38 and 49 
all belonged to different components. The data from the Japanese participants in the 
same study (Seah, Baba, et al., 2017) revealed that all four items had to be eliminated. 
The fifth component identified in this study is thus unique to this study and is quite 
strongly valued among participants.  
 
The mean score for Item 6 (M = 4.50, SD = 0.71) indicates that participants perceived 
working step-by-step as important. The strong valuing of Item 6 might be because it is 
often stressed by teachers at the school in this study that learners should show all 
their calculations to obtain maximum marks in an assessment. When teaching, the 
chronological structuring and layout of the work is also emphasised. Item 49 
(examples to help me understand) is also strongly valued (M = 4.41, SD = 0.75). Item 
49 links with the teaching methods used at the school under investigation, where 
teachers explain the work, provide examples of how to calculate a problem and then 
indicate the layout of the completed work, before giving the learners an exercise to do. 
Item 38 (given a formula to use) is also seen as important (M = 4.30, SD = 0.77). 
Learners are often given a formula sheet, which is intended to assist them to apply 
their knowledge to a question and to use the correct formula to solve the problem. 
Lastly, Item 33 (writing the solutions step-by-step) is also regarded as important by 
participants (M = 4.23, SD = 1.00). This item relates to Item 6 (working step-by-step) 
and could be highly valued because of the emphasis teachers place on showing all 
calculations so that method marks or part marks can be awarded, even if the final 
answer is incorrect. Research has also acknowledged the importance of partial credit 
and follow-through marks that are awarded for incorrect answers with correct steps or 
some correct working out in paper-based assessments (Ashton, Beevers, Korabinski, 
& Youngson, 2006; McGuire, Youngson, Korabinski, & McMillan, 2002).  
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 Ways of understanding and recall  
 
Ways of understanding and recall is the sixth component, consisting of four items, 
(Items 54A, 54B, 63 and 64) that explains 3.85% of the total variance. After conducting 
the pilot study (see section 3.8.3.1), it was decided that Item 54 (from the original, 
standardised questionnaire) should be split into two separate items labelled 54A and 
54B for this study. Each of the four items in this component have a relatively high 
mean score above 4. The mean scores, in descending order for each of the items, are 
as follows: Item 63 (understanding why my solution is incorrect or correct) (M = 4.68, 
SD = .64); Item 64 (remembering the work we have done) (M = 4.65, SD = .71); Item 
54A (understanding concepts) (M = 4.53, SD = 0.74) and Item 54B (understanding 
processes) (M = 4.46, SD = 0.75).  
 
From the mean scores mentioned above, it can be seen that the items in this 
component are strongly valued among participants. Each of the items is related to 
understanding and remembering, which can in turn affect learner achievement. Hassi 
and Laursen (2015) contended that successful mathematics learning involves 
understanding, conceptual thinking and logical reasoning. Thus, if learners understand 
the mathematics, can apply their knowledge and remember what to do, they are more 
likely to be successful and achieve higher mathematics marks. Teachers at the school 
at which this study was conducted encourage learners to practice mathematics to 
better understand the work and improve their achievement.  
 
Previous WIFI in mathematics learning studies (Seah, Baba, et al., 2017; Seah & 
Barkatsas, 2014; Zhang et al., 2015) reveal different results in respect of these items. 
Primary school participants from Australia were found to value Items 54 and 63, with 
both items belonging to the achievement component and Item 64 had been removed 
from the data analysis (Seah & Barkatsas, 2014). Similar results emerged from the 
East Asian study (Zhang et al., 2015), where Item 64 was removed and Items 54 and 
63 were categorised under the achievement component. Participants from all three 
regions, namely mainland China, Hong Kong and Taiwan, valued the achievement 
component most, with this component having the highest mean score (Zhang et al., 
2015). In the WIFI in mathematics learning study (Seah, Baba, et al., 2017) comparing 
Hong Kong and Japanese learners’ values, it was found that, among the Hong Kong 
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participants, Items 54 and 63 belonged in the component exploration (with Item 64 
removed from the data analysis). Japanese participants valued Items 54 and 64 
together under the component know how, and Item 63 was placed under the creativity 
component. 
 
 Alternate methods and solutions  
 
The last component revealed in this study, identified as Alternate methods and 
solutions, comprises four items (Items 15, 16, 30 and 51) and explains 3.65% of the 
total variance. Items 16 and 30 have a mean score below 4, while Items 15 and 51 
have mean scores above 4 indicating the strong importance participants attach to 
these two items. The mean score of Item 16 (looking for different possible answers) 
(M = 3.83, SD = 0.97) indicates that there is some level of importance awarded to the 
activity of finding different answers. Item 30 (using alternate methods) has a mean 
score relatively close to 4 (M = 3.95, SD = 0.84) suggesting that participants do think 
the use of different methods is important. The importance awarded to Item 30 could 
also be related to teaching practices. As a teacher at the school in this study, I try to 
show learners more than one way of solving a problem or answering a question, in the 
hope that if some learners do not understand the first method, they might understand 
it in a different way. I also encourage learners to share any methods they may have 
for solving a problem or to share the way they understand a question. It is notable that 
the results obtained from the PCA in this study are different to the results obtained in 
other WIFI in mathematics learning studies. In the subsequent paragraphs, literature 
findings in respect of each of the items in the Alternate methods and solutions 
component are provided.  
 
Item 15 (looking for different ways to find the answer) is similar to Item 30 and has a 
slightly higher mean (M = 4.06, SD = 0.90) than Item 30 (as stated above). This high 
mean score suggests that participants find it important to look for different ways of 
answering a question. By trying to find more than one way to solve a problem, learners 
may be more certain of their answer. For example, if a question is solved in a certain 
way and the learner can then solve it using a different method and get the same 
answer, the correctness of the answer is confirmed. I have noticed, from personal 
experience as a teacher, that the use of different methods to obtain the same answer 
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can increase learners’ confidence that their answer is correct and improve their overall 
confidence in mathematics.  
 
Item 51 (learning from mistakes) has the highest mean score of all 65 items (M = 4.68, 
SD = 0.65). This high mean score suggests that, overall, participants find it most 
important to learn from their mistakes. Learning from mistakes could help learners to 
avoid repeating the same mistake, thus enabling them to achieve higher mathematics 
marks in the end. Boaler (2013) agrees that mistakes provide important opportunities 
for learning and growth. Thus, teachers and learners should value mistakes and view 
mistakes as learning achievements rather than learning failures (Boaler, 2013). As a 
teacher, I encourage learners to correct their homework in class, and to make notes 
on the side of the question in their scripts to remind them what should have been done. 
I often motivate learners by stating that mistakes are learning opportunities. This 
encouragement could be a contributing factor to the importance associated with the 
act of learning from mistakes.  
 
Seah and Barkatsas (2014) conducted a study among Australian primary school 
learners and found that Items 30 and 51 were valued under the achievement 
component, while Items 15 and 16 were removed. A study conducted by Zhang et al. 
(2015) in East Asia (mainland China, Hong Kong and Taiwan) revealed that Items 15 
and 30 were placed in the achievement component that were strongly valued by 
participants from all three regions. They (Zhang et al., 2015) removed Items 16 and 
51 from the data analysis. The Hong Kong and Japanese comparative study of Seah, 
Baba, et al. (2017) showed that Hong Kong participants valued Item 30 under the 
mathematics identity component and Item 51 in the exploration component, while 
Items 15 and 16 were removed from the study. In the Japanese study Item 51 was 
removed, while the remaining three items (Items 15, 16 and 30) were all valued under 
the component categorised as creativity. 
 
 Normality tests and comparative analysis of the seven components  
 
The Kolmogorov-Smirnov (K-S) test was conducted to establish the normality of the 
distribution of scores across each of the seven components (Pallant, 2011). 
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Comparative analysis in respect of the participants’ gender was then conducted by 
employing independent-samples t-tests, to compare the means of female and male 
participants, across each of the seven components. The results from Levene’s test for 
each component are first considered to assess the homogeneity of variances across 
gender (Field, 2009; Pallant, 2011). A significance level of p ≤ .05 for Levene’s test is 
non-significant and the row labelled equal variances assumed is read, whereas a 
significance level of p > .05 for Levene’s test is significant and the row labelled equal 
variances not assumed is reported (see Annexure R). Thereafter the effect sizes for 
each of the seven components were calculated. 
 
Literature reports regarding gender differences and mathematics performance vary 
and findings are indecisive (Ajai & Imoko, 2015). Moreover, research in respect of the 
relationship between values and gender, particularly in mathematics education, are 
sparse (Awofala & Ojaleye, 2018). While much research exists on the relationship 
between gender and mathematics achievement or gender and attitude towards 
mathematics, Awofala and Ojaleye (2018) report that literature in respect of gender 
differences in the valuing of mathematics is limited. The independent-samples t-tests 
analysis in this study is focused on gender differences with regard to the value 
components identified in this study. The study did not focus on mathematics 
performance, but rather on participants’ opinions about what they find important in the 
learning of mathematics.  
 
 Normality test results for the seven components identified from the 
PCA 
 
The K-S test was conducted to establish whether the distribution of scores of the seven 
components identified from the PCA are significantly different from a normal 
distribution (Field, 2009). The results from the K-S test for each of the seven 
components are shown in Table 4.17. 
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Table 4.17: Kolmogorov-Smirnov test of normality for each of the seven 
components  
Component 
Kolmogorov- Smirnova 
Statistic df Sig. 
Mathematics Practice and problem solving  .125 249 .000 
Mathematics in the real world .067 249 .009 
Information Communication Technology (ICT) 
and computation 
.086 249 .000 
Discussion and interaction .103 249 .000 
Progressive learning  .174 249 .000 
Ways of understanding and recall .223 247 .000 
Alternate methods and solutions .131 249 .000 
a. Lilliefors Significance Correction      
 
For each of the seven components identified from the PCA, the K-S test of normality 
revealed that the normality assumption was violated (p < .05) (Pallant, 2011). In larger 
samples (greater than 30) it is quite common for the normality test to be significant 
and the normality assumption violated (Field, 2009; Pallant, 2011). It was therefore 
deemed appropriate (by the data analyst) to conduct a comparative analysis across 
genders by analysing the results from Levene’s test and t-tests. 
 
 Normality tests and comparative analysis for the seven components 
across genders  
 
The aim of the data analysis that follows is to establish whether or not there are 
differences between the seven value components identified from the PCA across 
gender. First, normality tests (using the K-S test) were conducted, followed by an 
analysis of Levene’s test and subsequent independent-samples t-test results. The 
results from the K-S test of normality across genders are shown in Table 4.18.  
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Table 4.18: Kolmogorov-Smirnov tests of normality for each of the seven 
components across gender  
 Component 
 Kolmogorov- Smirnova 
Gender  Statistic df Sig. 
Mathematics practice and problem 
solving 
Female .150 119 .000 
Male  .088 130 .015 
Mathematics in the real world 
Female .062 119 .200* 
Male  .085 130 .023 
ICT and computation 
Female .101 119 .005 
Male  .082 130 .030 
Discussion and interaction 
Female .088 119 .024 
Male  .114 130 .000 
Progressive learning 
Female .167 119 .000 
Male  .224 130 .000 
Ways of understanding and recall 
Female .213 118 .000 
Male  .264 129 .000 
Alternate methods and solutions 
Female .130 119 .000 
Male  .129 130 .000 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction      
 
Six of the seven components yield statistically significant results (p < .05), thus 
violating the assumption of normality. The second value component, identified as 
Mathematics in the real world, reveals a non-significant result (D(119) = 0.06, p > .05) 
for females. This indicates that the distribution of scores in this component is not 
statistically different from a normal distribution (Pallant, 2011).  
 
It is notable that the K-S test is particularly affected by large samples and small 
standard errors yield significant values of normality, even when there are only small 
deviations from normality (Field, 2009). Based on the large sample size (n =249) of 
this study and the subsequent results from Levene’s test, an independent-samples t-
test was deemed appropriate. The independent samples t-test analysis was conducted 
to establish any differences that may exist in the value components across genders. 
A summary of the results from Levene’s test and the independent-samples t-test for 
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each of the seven components is shown in Table 4.19 (see Annexure R for the 
complete analysis). 
 
Table 4.19: Independent- samples tests for each of the seven components 
Component 
 Levene’s Test  t-test for equality of means  
 
F Sig. T df 
Sig. (2-
tailed) 
Mathematics 
practice and 
problem solving 
Equal 
variances 
assumed 
5.979 0.015 -1.996 247 0.047 
Equal 
variances 
not assumed 
    -1.971 217.831 0.050 
Mathematics in 
the real world 
Equal 
variances 
assumed 
3.374 0.067 -0.487 247 0.627 
Equal 
variances 
not assumed 
    -0.484 232.212 0.629 
ICT and 
computation 
Equal 
variances 
assumed 
0.543 0.462 0.427 247 0.670 
Equal 
variances 
not assumed 
    0.426 243.063 0.670 
Discussion and 
interaction 
Equal 
variances 
assumed 
1.199 0.275 -1.213 247 0.226 
Equal 
variances 
not assumed 
    -1.208 237.881 0.228 
Progressive 
learning 
Equal 
variances 
assumed 
2.585 0.109 -3.799 247 0.000 
Equal 
variances 
not assumed 
    -3.763 226.531 0.000 
Ways of 
understanding 
and recall 
Equal 
variances 
assumed 
18.840 0.000 -3.329 245 0.001 
Equal 
variances 
not assumed 
    -3.250 177.787 0.001 
Alternate 
methods and 
solutions 
Equal 
variances 
assumed 
3.575 0.060 -2.870 247 0.004 
Equal 
variances 
not assumed 
    -2.845 228.186 0.005 
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Levene’s test for equality of variances measures if the variance of scores between 
females and males is the same (Field, 2009; Pallant, 2011). The result of the 
significance value of Levene’s test determines which of the t-values generated by 
SPSS should be considered. If Levene’s test for equality of variances is not significant 
(p > .05) then the equal variances assumed row for the t-test results is used. If 
Levene’s test for equality for variances is significant (p < .05) then the t-test results 
from the second row, equal variances not assumed, are considered (Field, 2009). 
 
Five out of the seven components (Mathematics in the real world, ICT and 
computation, Discussion and interaction, Progressive learning and Alternate methods 
and solutions) reveal no significant difference between the means of the female and 
male participants (p > .05). The two remaining components, Mathematics practice and 
problem solving and Ways of understanding and recall yield a significant difference 
between the means of females and males (p < .05). Although the t-statistic might be 
significant (p < .05), the effect size may be substantive (Field, 2009). The effect size r 
has been calculated because it is “widely understood and frequently used” (Field, 
2009, p. 332). 
 
Male participants (M = 3.96, SE = 0.05) value the component Mathematics practice 
and problem solving component more than their female counterparts (M = 3.79, SE = 
0.07). There is a significant difference between the mean scores of male and female 
participants: t(217.83) = −1.20, p < .05 with a small effect r = 0.13. Although the issue 
of gender differences in mathematics problem solving is complex, research suggests 
that there are gender differences in mathematical problem solving, that males are 
favoured by their teachers and they outperform females, particularly in high school 
and college (Zhu, 2007). The results obtained in this study reflect that males favour 
mathematics problem solving over females. There is only a slight difference (0.17) 
between the mean scores of male and female participants, indicating that males find 
Mathematics practice and problem solving marginally more important than female 
participants do, although both male and female participants value the component. 
Excellence in mathematics and science education are emphasised at the 
mathematics-and-science-focus-school at which this study was conducted, and the 
learners are given mathematics problems to practice on a daily basis, which may be 
a contributing factor to the importance attached to this component.  
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In general, the female (M = 3.21, SE = 0.08) and male participants (M = 3.26, SE = 
0.07) value the component identified as Mathematics in the real world similarly. There 
is no significant difference between the means scores of male and female participants 
(t(247)= −0.49, p > .05) and the effect of the difference is very small (r = 0.03). While 
there appears to be a lack of research in respect of gender differences and 
Mathematics in the real world, research suggests that real world connections to 
mathematics are an important aspect in mathematics classrooms (Wuolle, 2016). 
Moreover, learners (male and female alike) who experience meaningful, real world 
connections to mathematics are better able to apply their mathematical knowledge 
and skills as well as adapt their knowledge to new situations (Wuolle, 2016). The mean 
scores for groups were similar, with only a 0.05 difference in the mean score of male 
and female participants. The mean scores for both groups were below 3.50, indicating 
that participants in general do not attribute importance to the component Mathematics 
in the real world. The current Curriculum and Assessment Policy Statement (CAPS) is 
a content driven curriculum and the time constraints as well as emphasis placed on 
completing the syllabus does not often allow real world connections and application. 
From personal experience, I find that there is just enough time to explain the content 
and complete the exercises in the textbook and there is little time left to relate the 
content to the real world.  
 
The ICT and computation component reveals no significant difference, t(247) = 0.43, 
p < .05, in the mean score of female participants (M = 3.60, SE = 0.07) and male 
participants (M = 3.56, SE = 0.06) and the size of the effect is small with r = .03. The 
integration of ICT in South African schools is extremely limited as a result of 
operational, strategic, and pedagogic challenges and the use of ICT remains low 
(Padayachee, 2017). Consequently, there is a lack of research in respect of gender 
differences and the use of ICT among learners. At the school at which this study was 
conducted, the mathematics classrooms are all equipped with smartboards and data 
projectors. There are plans for the transformation of the school into a smart-school 
and smartboards are to be installed in all classrooms; however, there is no exact 
timeframe for the completion of the project yet. The current limited access to ICT at 
school could be a reason that this component ICT and computation is not very highly 
valued by either male or female participants.  
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The component identified as Discussion and interaction is valued slightly more by male 
participants (M = 3.10, SE = 0.06) than by female participants (M = 2.98, SE = 0.07). 
However, the mean score for both groups is relatively low, suggesting a generally 
weak value preference. There is no significant difference (t(247) = -1.213, p > .05) 
between the mean scores for the male and female participants and the effect is small, 
r = .08. While research (Rashidi & Naderi, 2012) suggested that male learners tend to 
interact and initiate conversation with their teachers more than female learners, from 
personal experience I have found that both male and female learners participate in 
class discussions and both genders ask questions or respond to questions similarly. 
The lack of importance awarded to the Discussion and interaction component could 
be a result of the structure of a typical mathematics lessons at the school at which this 
study was conducted. Mathematics lessons at this school do not typically allow for 
discussions and debates; instead, a lesson usually involves the teacher explaining the 
mathematics content and the learners then completing exercises from the textbook to 
practice the content that was taught.  
 
Male participants (M = 4.49, SE = 0.04) were found to value the component classified 
as Progressive learning more than female participants did (M = 4.22, SE = 0.06). There 
is, however, no significant difference between the means (t(247) = -3.799, p > .05) and 
the effect is fairly small, r = .23. Since the component Progressive learning is unique 
to this WIFI in mathematics learning study and comprise a distinct set of items from 
the questionnaire, it is challenging to compare the findings obtained in this study with 
other studies. From personal experience I also find difficultly in establishing any 
differences in the value associated with Progressive learning between male learners 
and female learners, since I do not (consciously or otherwise) consider the learners’ 
gender when checking their work or marking assessments. 
 
In respect of the component identified as Ways of understanding and recall, there is a 
significant difference between the mean scores of male participants (M = 4.69, SE = 
0.03) and female participants (M = 4.46, SE = 0.06). Even though there is a significant 
difference (t(178) = -3.250, p < .05) of the valuing of the component Ways of 
understanding and recall, the effect is small, r = .24. On average this component is 
strongly valued by both male and female participants, with male participants attaching 
a slightly higher importance to this component than female participants. Consistent 
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with the findings of this study, H. Davis and Carr (2002) suggested that there are 
gender differences in respect of the arithmetic strategy chosen by primary school 
learners. Direct memory retrieval and recall are chosen more often by male learners, 
while non-retrieval strategies are regularly chosen by female leaners (H. Davis & Carr, 
2002). Perhaps the male participants at the school at which this study was conducted 
value the component Ways of understanding and recall because male participants are 
inclined to rely more frequently on retrieval, as suggested in literature (H. Davis & Carr, 
2002).  
 
The findings from this study reveal that the seventh component categorised as 
Alternate methods and solutions is valued more by male participants (M = 4.24, SE = 
0.05) than by female participants (M = 4.01, SE = 0.06). There is no significant 
difference between the mean scores of male and female participants (t(247) = -2.870, 
p > .05) and the effect is small, r = .18. There is a lack of research relating to the use 
of alternate methods and solutions in mathematics learning. In particular, research 
regarding gender differences that may exist with using alternate methods to solve 
mathematics problems or getting different answers to a solution is scarce. The set of 
items that belong to the Alternate methods and solutions component is unique to this 
study and cannot be compared to previous WIFI in mathematics learning studies. 
Moreover, during my own teaching practice, I do not consider the learners’ approaches 
to solving problems or their answers to problems based on any biographical 
characteristic, which makes it challenging to discern any difference or reason for a 
difference in the valuing of the Alternate methods and solutions component.  
 
 SUMMARY OF KEY FINDINGS  
 
Table 4.20 presents a summary of the key findings of this study. The main research 
question and accompanying sub-questions are stated for ease of reference. The 
corresponding section of the questionnaire that aims to answer the research question 
or sub-question is stated. The various tests and methods utilised to analyse the data 
from each section is listed. Lastly the key findings and answer to each question is 
provided. 
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Table 4.20: Summary of the key findings of this study  
Research 
question 
Section in 
questionnaire 
Methods /tests 
used for 
analysis 
Key findings and answer to the 
research question 
Main research 
question:  
What are the 
values that 
Grade 8 to 10 
learners, from a 
public, 
mathematics-
and-science-
focus school in 
Johannesburg, 
associate with 
mathematics 
learning? 
 
Section D 
 
65 Likert- scale 
items  
 KMO  
 Bartlett’s test 
of sphericity  
 PCA  
 Kolmogorov-
Smirnov  
 Independent-
samples t-
tests 
 Lavene’s test  
 Effect sizes  
 Descriptive 
statistics 
(mean and 
standard 
deviation)  
Seven value components emerged 
from the Likert-scale data items in 
respect of the values that 
participants associate with 
effective mathematics learning. In 
no specific order of importance, the 
seven components are:  
1) Mathematics practice and 
problem solving  
2) Mathematics in the real world 
3) Information and Communication 
Technology (ICT) and computation  
4) Discussion and interaction  
5) Progressive learning  
6) Ways of understanding and 
recall  
7) Alternate methods and solutions 
 
Research sub-
question 1: 
 
What are the 
learners’ views 
on important 
attributes to 
mathematics 
learning? 
Section B 
 
One open-
ended item  
 Split-file 
analysis 
 Table of 
frequency of 
responses  
 Coding and 
categorisation 
The responses from the open-
ended item were categorised into 
three themes: cognitive, affective, 
and cognitive-affective.  
 
Concentration emerged as the 
most valued cognitive attribute 
with 83 utterances (38.4%). 
Perseverance surfaced as the 
most valued affective attribute with 
155 utterances (46.1%). Overall, 
effort and practice emerged as the 
most valued attribute under the 
cognitive-affective theme with 206 
utterances (77.2%)  
 
Research sub-
question 2: 
 
What are the 
value 
preferences of 8 
to 10 learners 
from a public, 
mathematics-
and-science-
focus school in 
Johannesburg in 
respect of their 
mathematics 
learning? 
 
Section C 
Ten semantics 
differential 
items 
 Distribution of 
frequencies  
 Descriptive 
statistics 
(mean and 
standard 
deviation)  
In respect of the ten value 
preferences investigated, 
participants valued process over 
product; effort over ability; 
explanation over exploration; 
recalling over creating; objectivism 
over rationalism; openness over 
mystery; and progress over 
control.  
 
There was no clear value 
preference that emerged between 
fun versus work; computation 
versus application; and fact versus 
idea. 
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 CHAPTER SYNTHESIS 
 
This chapter presented the data analysis procedures utilised, the results from the data 
analysis, and the interpretation of the results. Section A of the questionnaire was 
analysed by means of descriptive analysis and a number of cross tabulations were 
generated to obtain biographical information in respect of the participants. Descriptive 
statistics relating to the gender, age, home language, ethnical classification, 
nationality, and perception of mathematics performance of the participants were 
presented.  
 
The results in respect of the open-ended item in section B of the questionnaire were 
then presented. The data were first analysed by means of split file analysis to generate 
a table of frequencies of responses across various grades. Thereafter, the responses 
were coded, by the researcher together with the supervisor, into categories and each 
of the categories was placed under an appropriate theme. The emergent categories 
and themes were presented, followed by an interpretation of the results. Key findings 
suggested that the most valued behaviour was the cognitive-affective category 
labelled effort and practice. The second most valued attribute was an affective 
construct, identified as perseverance. Concentration was found to be third most valued 
attribute, under the cognitive domain. 
 
The ten semantic differential items from section C were analysed using a table of 
frequency of responses, to illustrate the spread of responses for each item across the 
five-point continuum. Descriptive statistics were also used to calculate the mean, 
median and mode. The results from the table of frequency of responses were 
supported by the descriptive statistics and the main findings suggested that process 
was valued over product, effort was valued over ability, explanation was valued over 
exploration, objectivism was valued over rationalism, openness was valued over 
mystery, and progress was valued over control.  
 
For the 65 Likert scale items from section D, the KMO measure of sampling adequacy 
and Bartlett’s test of sphericity were employed. After establishing the factorability of 
the data, a PCA was conducted. The results from the PCA revealed seven 
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components valued by participants namely: 1) Mathematics practice and problem 
solving; 2) Mathematics in the real world; 3) ICT and computation; 4) Discussion and 
interaction; 5) Progressive learning; 6) Ways of understanding and recall; and 7) 
Alternate methods and solutions.  
 
Descriptive statistics were also employed to calculate the mean and standard 
deviation for the data. There were eight items that had a mean score of 4.50 or higher. 
The eight most important values, in descending order of importance, are: 1) Learning 
from mistakes; 2) Understanding why my solution is incorrect or correct; 3) 
Remembering the work we have done; 4) Explaining by the teacher or lecturer; 5) 
Knowing which formula to use; 6) Knowing the steps of the solutions; 7) Understanding 
concepts; and 8) Working step-by-step.  
 
From the results of the independent-samples t-tests it can be seen that there are no 
significant differences between the means for female and male participants for five out 
of the seven components and the effect size across all seven components is small (r 
< .3). The two components (Mathematics practice and problem solving and Ways of 
understanding and recall) that do show a significant difference between the mean 
scores of male and female participants, also have only a small effect (r < .3). Since 
the seven components identified from the PCA are unique to this study it is not possible 
to compare the results obtained in this study with the results obtained from other 
studies. Each of the seven components identified in this study comprise a unique set 
of items from the standardised questionnaire which have not been utilised in cross 
gender comparison studies.  
 
Chapter 5 will provide a conclusion to the study. Firstly, an overview of the study will 
be presented. Thereafter the key findings of this study in respect of the research 
questions and objectives will be provided. The possible implications of the findings of 
this study will then be deliberated, followed by an outline of the limitations of this study 
and recommendations for future research. Lastly, chapter 5 will provide concluding 
remarks and a final reflection on this study.  
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CHAPTER 5 : CONCLUSIONS, RECOMMENDATIONS AND 
LIMITATIONS 
 
 INTRODUCTION 
 
There is a common view among teachers, learners, and curriculum planners that 
mathematics is a value-free, abstract, and scientific domain of study. However, it has 
become increasingly evident that mathematics, as a subject, cannot be learned 
without recognising the values attached to it (Askew et al., 2010; Atweh & Seah, 2008; 
Dede, 2006; Limbaco, 2015). Over the last 15 years a number of researchers (Jerrim, 
2015; Law, Wong & Lee, 2011; Österling & Andersson, 2013; Seah, 2008, 2010, 2018; 
Seah, Baba, et al., 2017) have begun emphasising the culture-based nature of 
mathematics. Askew et al. (2010) contended that “high attainment [in mathematics] 
may be much more closely linked to cultural values than to specific mathematics 
teaching practices” (p. 12). This study aimed to explore the values that Grade 8 to 10 
learners from a mathematics-and-science-focus school in Johannesburg associate 
with mathematics learning.  
 
This final chapter will integrate the key findings of the study, in order to answer the 
main research question and sub-questions in relation to the objectives of the study. 
This chapter starts with an overview of the study, where after a summary of the findings 
is provided according to the research questions and research objectives. Then, the 
potential contributions of this study to mathematics education will be noted. Thereafter, 
the limitations of the study will be discussed, followed by the implications of the 
research. Subsequently, recommendations for future research will be suggested, and 
the chapter will conclude with a final reflection on the study.  
 
 OVERVIEW OF THE STUDY  
 
The background to this study was the poor performance of South African learners in 
national and international mathematics comparative studies (Maree et al., 2011; Mji & 
Makgato, 2006; Spaull, 2013) and the increasing body of research (Askew et al., 2010; 
Atweh & Seah, 2008; Bishop et al., 2016; Law et al., 2011; Seah, 2008, 2018; Seah, 
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Baba, et al., 2017) conducted on the role of values in effective mathematics learning 
(see sections 1.1, 1.2 and 1.4). South African learners’ poor performance in 
mathematics has been a longstanding concern in education (Mji & Makgato, 2006; 
Spaull, 2013). A number of international and national benchmarking tests (such as 
TIMMS, SACMEQ and ANAs) revealed that South African learners’ mathematics 
performance is amongst the worst found in all middle- and low-income African 
countries (Mji & Makgato, 2006; Spaull, 2013; Tsanwani et al., 2013). Instead of 
improving, the mathematics performance of learners in Grade 12 has deteriorated 
further since 2008 (Schollar, 2015). Consequently, South Africa’s school level 
mathematics performance is a cause for concern and is in need of positive 
transformation and improvements in order for learners to compete internationally 
(Maree et al., 2011; Mji & Makgato, 2006).  
 
The purpose of chapter 1 was to provide an overview of the relevant research, stating 
the background context of and rationale for the study. The background context of this 
study is the recurrent poor performance of South African learners in mathematics 
assessments nationally and internationally (Maree et al., 2011; Mji & Makgato, 2006; 
Schollar, 2015; Spaull, 2013; Tsanwani et al., 2013). The rationale for the study rests 
on the increasing body of literature that supports the role that values plays in effective 
mathematics teaching and learning (Askew et al., 2010; Atweh & Seah, 2008; Bishop 
& Clarke, 2005; Chin, 2006; Dede, 2006). The research problem was deliberated as 
follows: regardless of the substantial research (Howie, 2006; Legotlo et al., 2002; 
Maree, 2010; Maree et al., 2011; Mji & Makgato, 2006; Ntuta & Schurink, 2010; 
Tsanwani et al., 2013) examining the factors relating to the poor mathematics 
performance of South African learners, there appears to be no notable improvement 
in learner performance. The research question and accompanying sub-questions were 
subsequently formulated. For ease of reference the research question and sub-
questions are stated here 
 Main research question: 
What are the values that Grade 8 to 10 learners from a public, mathematics-and-
science-focus school in Johannesburg associate with mathematics learning? 
 Research sub-question 1:  
What are the learners’ views on important attributes for mathematics learning? 
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 Research sub-question 2:  
What are the value preferences of 8 to 10 learners from a public, mathematics-and-
science-focus school in Johannesburg in respect of their mathematics learning? 
 
The purpose and objectives of the study were conceptualised and are stated here for 
ease of reference.  
 Main research purpose  
To explore the values that Grade 8 to 10 learners from a public, mathematics-and-
science focus school in Johannesburg associate with mathematics learning in order 
to improve mathematics learning 
 Research objective 1:  
To determine what values Grade 8 to 10 learners from a mathematics-and-science-
focus school, in Johannesburg, associate with mathematics learning.  
 Research objective 2:  
To explore what the Grade 8 to 10 learners’ views are on important attributes for 
mathematics learning. 
 Research objective 3:  
To identify the value preferences of Grade 8 to 10 learners in respect of their 
mathematics learning. 
 
Chapter 2 provided a literature overview for the study. Values in a South African 
context were examined by considering the Curriculum and Assessment Policy 
Statement (CAPS) document and the National Curriculum Statement (NCS), which 
emphasises the values of democratic education and indigenous knowledge, as well 
as values (such as equality, justice, human rights) as outlined in the South African 
Constitution (Department of Basic Education, 2011). Thereafter, the importance of 
values in mathematics was outlined by suggesting that values are an influential 
contributor to effective mathematics learning and achievement (Seah & Wong, 2012). 
A clarification of the key concepts related to the study were provided. In this study, 
learning was described as a process of memorisation as well as the ability to apply 
information in a meaningful manner in order to solve problems (Mayer, 2002; Orton, 
2004). Various learning theories such as behaviourism, cognitivism, constructivism 
and the sociocultural theory were explored. This study adopted a sociocultural 
perspective to learning in which mathematical knowledge is viewed as a socially 
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constructed and culture-dependent activity (Bishop, 2002; de Valenzuela, 2014; Seah 
& Wong, 2012). The influence of affective constructs, such as attitude and self-efficacy 
beliefs, on effective mathematics learning were then examined. In particular the role 
that values play in mathematics learning was explored and values for this study was 
defined as the personal beliefs held by learners that are important and of worth to 
them. The effects of a number of contextual factors, such as classroom climate, 
teacher self-efficacy beliefs and availability of resources on mathematics 
achievement, were investigated. In addition, the effect of learner related factors such 
as socioeconomic status, parental involvement and home language on mathematics 
achievement was also considered. The nature of mathematics from a values 
perspective was explained and mathematics in this study is viewed as a culturally-
shaped discipline that comprises both cognitive and affective elements, in which 
values are included. Previous studies such as the Values And Mathematics Project 
(VAMP) (Bishop & Clarke, 2005; FitzSimons et al., 2000; Seah, 2003) and the more 
recent Third Wave Project (Seah & Wong, 2012) on values in mathematics learning 
were considered. Research relating to values in a South African context was found to 
be fairly superficial and scarce, which created a space for this study to be conducted. 
The results from previous WIFI in mathematics learning studies conducted in Japan, 
East Asia, and Hong Kong and Japan (Seah, Baba, et al., 2017; Shinno et al., 2014; 
Zhang et al., 2015) were discussed. Lastly, chapter 2 provided the theoretical 
framework and model for this study which was grounded on the theories of: a) values 
education (Bishop, 1996), b) cultural dimensions as proposed by Hofstede (1996) and 
c) the role of culture in mathematics (Stigler & Baranes, 1988).  
 
Chapter 3 outlined and discussed the research design and methodology employed in 
this study. The chapter began with a discussion of the post-positivist paradigm and 
accompanying assumptions (ontological, epistemological, axiological, and 
methodological) adopted in this study. The research purpose (exploratory, descriptive, 
explanatory, and evaluative) of the study was then discussed, followed by an account 
of the deductive reasoning strategy. Thereafter, the research instrument, namely the 
pre-existing standardised questionnaire of the WIFI in mathematics learning project, 
was introduced and the predominantly quantitative research method was considered. 
Section A of the questionnaire gathered biographical information and aimed to 
establish the participants’ profiles. Section B provided open-ended responses in 
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respect of the attributes or behaviours that are associated with mathematics learning. 
The ten semantic differential items from section C provided information relating to the 
value preferences of participants. The 65 Likert-scale items from section D of the 
questionnaire provided information on how important participants found the different 
values associated with each item. The convenience, purposive sampling procedure 
adopted in this study as well as the administration, pre-testing and piloting of the 
research instrument, were explained. The cross-sectional, short term study collected 
data once-off via a hardcopy questionnaire which was completed on a voluntary basis 
by participants during a 30-minute assembly period, in their register classes. Data 
analysis was conducted using SPSS version 25. Descriptive statistics were used to 
analyse the biographical data items from section A of the questionnaire. A table of 
frequency of responses was employed followed by coding and categorisation of 
responses for the open-ended item in section B. Section C utilised a table of the 
distribution of scores and descriptive statistics to analyse the semantic differential 
items. Lastly, the 65 Likert-scale items from section D employed sampling adequacy 
tests such as the KMO test, followed by a PCA and thereafter normality tests and 
independent-samples t-tests. Lastly, ethical measures, as well as the reliability, validity 
and trustworthiness measures employed, were described.  
 
Chapter 4 presented the data analysis, followed by the results and interpretation of the 
results in respect of the research instrument utilised in this study (see section 1.4).  
 
In the ensuing section, a summary of the key findings in relation to the research 
question and research sub-questions will be provided. 
 
 SUMMARY OF FINDINGS ACCORDING TO THE RESEARCH QUESTIONS 
 
The main research question aimed to investigate: what are the values that Grade 8 to 
10 learners from a mathematics-and-science-focus school in Johannesburg associate 
with mathematics learning? This study formed part of an international project and 
utilised the standardised WIFI in mathematics learning questionnaire. The results 
obtained from section D of the questionnaire aimed to answer the main research 
question, namely: What are the values that Grade 8 to 10 learners from a public, 
mathematics-and-science-focus school in Johannesburg, associate with mathematics 
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learning? The results obtained from sections B and C intended to answer the two 
research sub-questions, namely 1) What are the learners’ views of important attributes 
for mathematics learning? and 2) What are the value preferences of Grade 8 to 10 
learners from a public, mathematics-and-science-focus school in Johannesburg in 
respect of their mathematics learning?  
 
Subsequently, the key findings are related to the research objectives of this study, 
which are aligned with the research question and sub-questions.  
 
 Main research question: What values Grade 8 to 10 learners from a 
mathematics-and-science-focus school in Johannesburg associate with 
mathematics learning 
 
This main research question was addressed by analysing the Likert Scale data 
obtained from section D of the questionnaire. PCA was employed to analyse the data 
and the results revealed seven components that were valued by participants (see 
section 4.5). Descriptive statistics were also used to compare the means of the items 
in order to establish which values represented by the various items were found to be 
most important to participants.  
 
The seven value components emerging from the data analysis that Grade 8 to 10 
learners from a mathematics-and-science-focus school, in Johannesburg, associate 
with mathematics learning, in no specific order of importance, are: 1) Mathematics 
practice and problem solving; 2) Mathematics in the real world; 3) ICT and 
computation; 4) Discussion and interaction; 5) Progressive learning; 6) Ways of 
understanding and recall; and 7) Alternate methods and solutions (see section 4.5). 
The descriptive statistics revealed eight items with a mean score of 4.50 or higher, 
indicating that participants attached strong importance to these values. The eight items 
identified (listed in descending order of importance) were: learning from their mistakes; 
understanding why the solution is incorrect or correct; remembering the work they 
have done; explaining by the teacher or lecturer; knowing which formula to use; 
knowing the steps of the solutions; understanding concepts; and working step-by-step.  
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 Research sub-question 1: What are the Grade 8 to 10 learners’ views on 
important attributes for mathematics learning? 
 
The first research sub-question relates to the second research objective and was 
answered through an analysis of the data obtained from the open-ended item in 
section B of the questionnaire. The key findings from section B revealed that Grade 8 
to 10 learners hold the most strongly valued attribute to be effort and practice under 
the cognitive-affective theme, followed by perseverance, under the affective theme. 
The third most valued category identified is concentration, under the cognitive theme.  
 
 Research cub-question 2: What are the value preferences of Grade 8 to 
10 learners in respect of their mathematics learning.  
 
The second research sub-question corresponds with the third objective of this study 
and relates to the data obtained from the ten semantic differential items from section 
C of the questionnaire. The key findings regarding the value preferences of Grade 8 
to 10 learners in respect of their mathematics learning revealed that learners value 
process over product, effort over ability, explanation over exploration, objectivism over 
rationalism, openness over mystery, and progress over control.  
 
 Summary and overarching finding 
 
The responses obtained from section B, in respect of the values associated with 
mathematics learning, were compared with the value preferences that surfaced from 
section C and the emergent value components from section D of the questionnaire.  
 
The results obtained from the different sections of the questionnaire were integrated 
to some extent. Section D revealed a component, entitled Mathematics practice and 
problem solving, that was highly valued by both female and male participants. This 
finding is further supported by the results obtained in section B, where participants 
strongly valued effort and practice and in section C which revealed effort valued over 
ability. Perseverance was the second most valued attribute from data collected in 
section B. Although perseverance has been identified as a separate category, it can 
be related to effort and practice since continuous practice and exercising effort 
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requires perseverance. Perseverance is also one of the five values promoted by the 
school at which this study was conducted. Section C further supported the finding that 
participants valued explanation over exploration. The key findings of this study and 
overarching answer to the main research question showed that the values Grade 8 to 
10 learners from a mathematics-and-science-focus school in Johannesburg associate 
with mathematics learning are: effort, practice, perseverance, process, explanation, 
openness, objectivism, recalling, and progress. It is noteworthy that effort was the one 
attribute that emerged as strongly valued from the responses obtained in sections B, 
C and D of the questionnaire.  
 
 IMPLICATIONS OF THE FINDINGS  
 
The degree to which learners’ values are aligned with the values of a school is central 
to enhancing the mathematical teaching and learning experience and pedagogical 
practices (Seah & Barkatsas, 2014) at the particular school under investigation. 
Establishing the values that learners associate with mathematics learning is important 
as these values can be assessed by teachers for their pedagogical potential. In 
addition, the values that have been identified enable researchers to further investigate 
the values and the association of these values with effective mathematics learning. 
Teachers in the mathematics department of schools can also use the information 
regarding learners’ values to prepare more effective lessons by integrating the 
attributes that were strongly valued by participants into their lessons. In addition, the 
mathematics department, in particular, can create a motto incorporating strongly 
valued attributes such as perseverance, effort, hard work and determination. The 
subject policy can also be revised so as to integrate these values of perseverance, 
effort, hard work and determination that participants found important. The implications 
of the findings in respect of the main research question and accompanying research 
sub-questions are discussed separately in the following section.  
 
 Implications of findings in respect of the main research question 
 
The main research question, namely, What are the values that Grade 8 to 10 learners, 
from a public, mathematics-and-science-focus school in Johannesburg, associate with 
mathematics learning? was answered by the 65 Likert scale items in section D of the 
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questionnaire. Seven value components namely, Mathematics practice and problem 
solving, Mathematics in the real world, ICT and computation, Discussion and 
interaction, Progressive learning, Ways of understanding and recall and Alternate 
methods and solutions, emerged from the PCA. The results obtained from the PCA 
can be used to influence mathematics teaching by incorporating the values that 
participants identified as important, into the mathematics lessons and pedagogical 
approaches. For instance, teachers can provide learners with additional mathematics 
problems to solve in order to enhance the values of practice, effort and perseverance. 
Hoaglund (2008) supports the view that problem solving activities improve 
mathematical understanding.  
 
Teachers can relate the mathematics content, where applicable, to the real world and 
show learners, by means of videos (to incorporate ICT), the real-life relevance of 
mathematics. As argued by Bishop (2002) school mathematics and questions from the 
textbook are often unrealistic and have very little to do with the real world. From my 
personal experience I observed that learners frequently question the real-life utility 
value and applicability of the mathematics content they are taught. With the increase 
in the use of technology, there are many useful videos available which can be used to 
show the real-life relevance of mathematics taught at school.  
 
Class discussions and learner interaction can be used to enhance critical thinking and 
to promote the learners’ interest in the subject. While time constraints and pressure to 
complete the syllabus are factors that can influence the time allocated to class 
discussions, the findings from this study revealed that interaction is valuable, therefore 
teachers should try to interact more frequently with learners, perhaps in extra classes 
after school. As suggested by Boerst et al., (2011) discussions can help construct 
meaning, improve understanding, and develop thinking.  
 
Progressive learning entails working in a coherent, step-by-step approach. It is 
therefore important that teachers show learners the calculations and steps of a 
solution, as opposed to just reading out the answers when doing classwork and 
corrections of homework questions. Teachers who show learners all the steps and 
calculations in solving a problem can help learners understand how marks in 
assessments are allocated and where they may earn partial credit or method marks 
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for answers that may not be correct but contain some correct working out (Ashton et 
al., 2006).  
 
Using a variety of teaching methods and approaches could also be useful. Learners 
do not all learn in the same way. Some teaching methods could make sense to some 
learners but not to others. It is important for teachers to assist learners with identifying 
the links between different mathematical ideas, mathematic representations and 
learners’ existing methods and understanding (H. Taylor, 2013). For example, solving 
a trigonometric equation and finding the unknown angle can be done in a right-angled 
triangle when given two sides, but can also be solved using a trigonometric function 
(graphical representation). More learners may understand certain mathematics 
concepts better if the teacher shows them different ways of solving a problem and 
linking different concepts together. 
 
 Implications of findings in respect of the first research sub-question  
 
Effort and practice were found to be the most valued attributes as revealed by the 
responses to the open-ended item from section B of the questionnaire. The importance 
attached to effort and practice further support the findings obtained from the PCA, in 
which Mathematics practice and problem solving emerged as an important 
component.  
 
Consistent with the results of this study are the results obtained from the WIFI in 
mathematics learning study conducted in top performing countries, such as Hong 
Kong and Taiwan, in which participants strongly value effort (Seah, 2018). The valuing 
of effort and practice amongst participants influences teaching, in that teachers are 
encouraged to provide appropriate questions to learners across various cognitive 
levels. Teachers should provide learners with basic questions that require recall, but 
they should also provide challenging questions that require effort, perseverance and 
critical thinking to solve.  
 
Perseverance was identified as the second most valued attribute from the responses 
to the open-ended item. The recognition of perseverance as an important attribute 
suggests that mathematical problems requiring critical thinking should be provided to 
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learners to exercise perseverance in order to find solutions. Bass and Ball (2015) 
emphasised that perseverance is an important psychological construct that influences 
mathematics learning and argued that valuing effort is related to one’s mathematics 
understanding and development of skills.  
 
Concentration was the third most highly valued attribute from the open-ended item 
responses. The WIFI in mathematics learning study conducted in Sweden reveal 
similar findings of a strong value associated with concentration amongst the Swedish 
participants (Seah & Peng, 2012). A common challenge many learners face is being 
able to sit still and concentrate for long periods of time, and learners often prefer 
exploration over the traditional chalk-and-talk methods (Bosman & Schulze, 2018). 
Teachers should therefore acknowledge that learners may not always be able to 
concentrate for the full duration of a period or double period (a double period is 80 
minutes at the school at which this study was conducted). Consequently, teachers 
should provide learners with a short break in-between the periods. During this break, 
teachers can pose a challenging question to learners and they can work individually, 
instead of having to pay attention to the teacher explain for the entire duration of the 
period or double period.  
 
 Implications of findings in respect of the second research sub-question  
 
The findings from the ten semantic differential items from section C of the 
questionnaire revealed seven clear value preferences namely, process, effort, 
explanation, recalling, objectivism, openness, and progress.  
 
The finding that learners value process over product further supports the results of the 
component identified as Progressive learning obtained from the PCA. The finding that 
participants value process suggests that teachers should show learners how the 
solution to a problem is obtained as opposed to just showing learners the final answer. 
Showing learners how the answer to a problem is obtained supports the implication of 
the findings revealed in respect of the Progressive learning component (see section 
5.5.1). By focusing on the process as opposed to just the product learners are also 
able to understand how marks and part marks are allocated in an assessment (Ashton 
et al., 2006).  
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Effort valued over ability, from the semantic differential items, further supports the 
findings obtained in respect of the responses to the open-ended item (see section 
5.5.2) of this study. Atweh and Brady (2009) suggested that learners with a positive 
perception of mathematics are more inclined to increase the effort they put into the 
subject. Furthermore, Hoaglund (2008) argued that learners are more likely to 
increase the effort exercised when solving mathematical problems when the topics are 
of interest to them. Consequently, teachers should select topics of interest to learners 
as much as possible. For example, from personal experience I have found that 
learners find the Fibonacci sequence an interesting number pattern to investigate. As 
previously suggested, the valuing of effort amongst participants implies that teachers 
should provide appropriate practice problems to learners, problems that are of interest 
to them and that they find challenging enough.  
 
Explanation can be viewed as the art of providing clarity and understanding about the 
content being taught to others (Odora, 2014). The explanation provided by teachers 
is considered a critically important method in teaching and refers to the ability of a 
teacher to make content clear to learners, with the intent of learners developing an 
understanding of what is being taught (Odora, 2014). Explanation was valued over 
exploration in this study. Thus, teachers should be well prepared for lessons and 
should explain the work as clearly as possible in order to maintain the learners’ 
attention. Using a variety of explanations and methods may also benefit learners since 
Alternate methods and solutions was identified as a valued component from the PCA.  
 
Recalling was valued over creating, consistent with the findings from the WIFI in 
mathematics learning study conducted in Hong Kong and Taiwan, two countries that 
have a high performance in mathematics assessments (Seah, 2018). The value 
associated with recalling suggests that it may be beneficial for teachers to use the first 
few minutes of a lesson to do a quick recap of previous lessons and to recall important 
concepts.  
 
Objectivism was valued over rationalism. Thus, teachers should explain facts to 
learners and show them proofs as opposed to merely providing them with information. 
Objectivism involves the teacher concretising abstract concepts, which can include the 
 158 
 
use of concrete objects (Bishop, 2002). For example, when explaining pi (𝜋), it might 
be useful to measure the circumference and diameter of different circles (canned food 
items, coffee tins, cold drink cans) using string, and then dividing the circumference of 
each circle by its diameter, to show that 𝜋 ≈ 3,1415.  
 
Teachers should be open with learners rather than keeping the mathematics a mystery 
since participants tended to value openness over mystery. This implies that learners 
prefer being told or shown how to do the work as opposed to being asked how the 
work should be done. Valuing openness over mystery supports the previous finding of 
valuing objectivism and suggests that learners prefer being told the facts rather than 
discovering them on their own.  
 
Lastly, participants prefer to use mathematics for further development and growth 
(progress) rather than using mathematics to make predictions. Bishop (2002) argued 
that mathematics progress concerns change and alternatives as well as the search for 
solutions to new problems. The value preference of progress over control thus 
suggests that teachers should show learners how mathematics builds on prior 
knowledge, how it can be used to develop critical thinking and objectivity, and how it 
can be used to solve real-life problems. For example, a simple use of trigonometry is 
evident in architecture, where one is expected to calculate the inclination of the roof of 
a building.  
 
 POTENTIAL CONTRIBUTIONS OF THE STUDY  
 
This study has set out to explore a relatively scarce and fairly recent area of research, 
namely the values that learners associate with effective mathematics learning. This 
study forms part of an international project and this is the first time the standardised 
WIFI in mathematics learning questionnaire has been utilised in a South African 
context. Therefore, this study contributes to the creation of new knowledge in respect 
of the values that Grade 8 to 10 learners from a mathematics-and-science-focus 
school associate with mathematics learning. The values that have been established 
and regarded as important contributes to the current values education in mathematics, 
in a South African context. This study also contributes to values education in 
mathematics learning which may be used by teachers to inform mathematics teaching 
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and learning, as the attributes that participants found valuable can be incorporated 
into lesson planning and execution. For instance, teachers at the school at which this 
study was conducted can provide learners with additional practice questions which 
supports the value component Mathematics practice and problem solving as well as 
values such as effort, practice, hard work and perseverance. Moreover, the values 
revealed in this study can be aligned with assessment tasks, for example questions 
that can be solved in multiple ways can be given to promote the value associated with 
the component Alternate methods and solutions. Knowledge and awareness of what 
learners’ values are can help facilitate effective mathematics teaching and learning as 
these values can be incorporated into the lesson as well as the teacher’s pedagogical 
practices. Incorporating the learners’ values can help maintain learner engagement 
and deepen learners’ mathematics understanding.  
 
 LIMITATIONS OF THE STUDY  
 
A number of limitations to this study have been identified in both the qualitative and 
quantitative data sets, as well as some general limitations of the study. While these 
limitations may influence the validity, reliability, and trustworthiness of the study, the 
limitations have been taken into consideration during the data analysis and findings 
stages and throughout the research. Every endeavour has been made to ensure that 
the interpretation of the results have been made as accurately as possible, despite the 
limitations of the study.  
 
The qualitative data limitations include the limited use of qualitative data collection 
methods. The questionnaire contained only one open-ended qualitative data item to 
which participants responded using single words or short phrases. Since a pre-
existing, standardised questionnaire was utilised to collect data, not many changes 
could be made to the survey material. This study was therefore restricted to more of a 
quantitative approach and no further explanations, follow up interviews or focus group 
discussions were carried out in respect of the qualitative data.  
 
With regard to the quantitative data, the sample size might be considered a limitation. 
Although the study involved 249 participants, which would typically be considered 
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adequate in relation to the number of Likert-scale items, the sample might yet be 
regarded as small (Pallant, 2011).  
 
General limitations of the study include the limited scope and nature of the study, which 
was mainly quantitative. No interventions were carried out. The sample for this study 
consisted of participants from a single mathematics-and-science-focus-school and 
therefore is not necessarily representative of the entire population, which was all 563 
learners from the public, mathematics-and-science-focus school in Johannesburg, 
from Grade 8 through to Grade 12, at which this study was conducted. 
 
The researcher was unable to gather data on the actual mathematics performance of 
participants due to the nature of the data collection instrument. The instrument allows 
only for data focusing on learners’ perceived performance which is subjective.  
 
The WIFI in mathematics learning project and research in respect of values in 
mathematics learning is fairly recent and limited and this was the first time the 
international WIFI in mathematics learning study was conducted in South Africa. 
Consequently, it was a challenge to support some findings and interpretation of results 
with literature relevant to the South African context. Due to the contextual nature of 
this study, the findings cannot be generalised to other populations and the findings are 
only applicable in a South African context. 
 
 RECOMMENDATIONS FOR FUTURE RESEARCH  
 
Taken together, the results from and limitations of this study illustrate the necessity for 
further research in the field of values in mathematics teaching and learning. Future 
research on values associated with effective mathematics learning could be extended 
to schools in different contexts, rather than only mathematics-and-science-focus 
schools, and should also include larger samples. Comparison studies could also be 
conducted to establish whether the values participants from a mathematics-and-
science-focus school associate with mathematics learning differ from values held by 
participants who are not from schools of specialisation. Comparisons of the values of 
learners who take pure mathematics and learners who take mathematics literacy could 
also be made.  
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Longitudinal studies might also be beneficial, which could include follow-up interviews 
with participants to explain the responses to the open-ended item in section B of the 
questionnaire in greater detail. It might also be of interest to conduct the same study 
with the same participants of this current study later on in their school careers to 
establish if their value preferences have changed over time.  
 
An amendment to the standardised questionnaire could be made in order to establish 
participants’ actual performance and then a comparative analysis between 
participants’ value preferences and their mathematics achievement could be carried 
out. Another comparative analysis could be done between the values participants 
associate with mathematics learning and the phase of schooling, for instance, 
comparing the values that Intermediate phase learners (Grades 4 to 5), senior phase 
learners (Grades 7 to 9) and Further Education and Training (FET) phase learners 
(Grades 10 to 12) associate with mathematics learning. Other comparative analyses 
could include comparisons of the values that learners associate with mathematics 
learning across different cultural groups and language groups.  
 
While the current study focused on values from the learners’ perspective and values 
in mathematics learning, further research could be conducted with a focus on values 
from the teachers’ perspective in relation to effective mathematics teaching. Value 
studies relating to mathematics teaching and learning could also be extended to being 
carried beyond a school classroom and could include tertiary institutions. The value 
preferences of undergraduate mathematics students and mathematics lecturers could 
be explored and even compared to studies that focus on primary and secondary 
schools. It might be interesting to compare the development of values across time by 
comparing the value preferences of primary school learners, high school learners and 
students from tertiary institutions.  
 
Further studies investigating the relationship, if any, between learners’ actual 
performance in mathematics and their value preferences can be conducted. The 
questionnaire should be amended to include a space for participants to state their 
actual mathematics aggregate (as a percentage) so that the performance can be 
compared more accurately with value preferences.  
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 FINAL REFLECTIONS  
 
It has been a privilege for me to have been a part of this international, large-scale, 
WIFI in mathematics learning project and to have carried out this research in a South 
African context for the first time. Improving mathematics teaching and learning and 
ultimately mathematics performance among South African learners is an area of 
research that is close to my heart. Establishing the values that learners associate with 
effective mathematics learning has been an enlightening experience and I have been 
pleasantly surprised with the strong values participants attributed to perseverance, 
hard work and effort. Perseverance, determination, hard work and effort are attributes 
that I personally value and promote in my mathematics lessons. I often remind learners 
that the effort they put in is a direct determinant of the results they get out. This 
research has sparked an internal curiosity concerning the values that mathematics 
teachers associate with effective mathematics teaching and an interest in establishing 
the alignment of learner and teacher values.  
 
Reflecting on this study, one of the many valuable lessons I have learned is that, 
although research can be satisfying and rewarding, it is not always an easy task. 
Research requires perseverance, one of key values highlighted in this study, and at 
times I have struggled trying to balance working a full-time job, studying on a part-time 
basis, making time for family and friends and fulfilling my various roles as a daughter, 
wife, sister, teacher, friend and colleague.  
 
This study has, for the most part, been a positive learning experience but, as with 
much in life, there are areas of weakness and room for improvement and this is 
particularly true in my case. Completing this study has brought to my attention that I 
have much to learn in the sphere of research and, in particular, the role of values in 
mathematics education. I have learned that, while it is not always easy to accept 
criticism, it is essential for my own growth and development as a researcher. I have, 
over the course of this study, become more open to criticism received from my 
supervisors and more willing to consider different perspectives. The research I have 
conducted on values in mathematics learning has helped me to develop an 
understanding of the role and importance of values in mathematics learning.  
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Annexure B: Questionnaire  
    
 
 
 
FACULTY OF EDUCATION 
Mathematics Education Unit 
WHAT I FIND IMPORTANT (WIFI) IN MATHEMATICS 
LEARNING SURVEY 
[Based on the original survey of the international WIFI project, developed by WT 
Seah (University of Melbourne, Australia) and partners] 
PURPOSE OF THE SURVEY 
The purpose of this questionnaire is to gain information on your current attitudes 
towards, as well as your personal preferences and beliefs in respect of the studying 
(the learning) of mathematics. All completed questionnaires firstly form part of an 
international research project, known as the What I Find Important (WIFI) in 
mathematics learning project, in which Mathematics Educators from 18 countries are 
participating. Completed questionnaires secondly form part of the Master’s study in 
Mathematics Education of Ms Raeesa Asmail, a teacher at this school. The primary 
aim of the project is to identify values, which learners in various grades from selected 
schools and higher education institutions (HEIs) associate with the learning of 
mathematics. 
PARTICIPANT CONSENT 
The information that you provide in this questionnaire will be treated anonymously 
and confidentially and will only be utilised on a group basis as part of this research 
project. 
The purpose of this questionnaire had been explained to me. I understand the 
nature of the research project and my role in it. I have had the opportunity to ask 
questions about my involvement in the project. I understand that my personal details 
(and any identifying data) will be kept strictly confidential. I also understand that I 
may withdraw my consent and participation in this project at any time without penalty. 
If you agree to be involved in this project as a participant, tick the little box above. 
Then also provide your signature in the space provided below. 
______________________________     ____________ 
Signature of participant      Date 
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SECTION A: PERSONAL INFORMATION 
 
Please tell us something about yourself, by responding to the following items: 
 
1. Your gender [mark only ONE with an X]: 
Female  
Male  
2. Your formal ethnical classification [mark only ONE with an X]: 
Asian (including Indian and Chinese)  
Black  
Coloured  
White  
Other [Please specify:______________________]  
Don’t want to respond  
3. Your home language [mark only ONE with an X]: 
Afrikaans   
English  
Indigenous South African or African language  
European language (French, Spanish, Portuguese, etc.)  
Other (Indian, Chinese, Latin American languages, etc.)  
4. I am currently in Grade _____ 
5. The NAME of my school is :________________________________________________ 
6. My current age (in years) is: ____________ 
7. In my class at school, Mathematics is mostly taught in the following language(s) 
________________________________________________________________ 
8. I was born in the following country: __________________________________________ 
9. If you were born in another country, in which year did you come to South Africa? ______ 
10. Indicate your level of agreement with the following statement: I am doing well in 
mathematics [mark only ONE with an X]: 
Strongly disagree  
Disagree  
Neither agree or disagree  
Agree  
Strongly agree  
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SECTION B: BEING GOOD AT MATHEMATICS 
What, in your view, are the three (3) most important attributes or behaviours that a learner/student 
who wants to be good at Mathematics should have or display? 
(1)  
 
 
(2)  
 
 
(3)  
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SECTION C: 10 SETS OF PHRASES 
 
DIRECTIONS: For each pair of phrases below, tickmark in ONE of the blocks to indicate if Phrase A 
is more important to you in your mathematics learning than Phrase B. If you tickmark in the middle, 
it would mean that phrases A and B are equally important to you. Please respond to ALL TEN phrases. 
The first row contains an example, to demonstrate how tickmarking should be done. 
NO PHRASE A 2 1 0 1 2 PHRASE B 
Example Watching a movie.  X    Doing shopping. 
1. 
How the answer to a 
problem is obtained. 
    
 What the answer to a 
problem is. 
2. 
Feeling relaxed or 
having fun when doing 
maths. 
    
 
Hard work is needed 
when doing maths. 
3. 
Leaving it to ability when 
doing maths 
    
 Putting in effort when 
doing maths. 
4. 
Applying maths concepts 
to solve a problem. 
    
 Using a rule or formula 
to find the answer. 
5. 
Truths and facts, which 
were discovered. 
    
 Mathematical ideas and 
practices used in life. 
6. 
Someone teaching and 
explaining maths to me. 
    
 Exploring maths by 
myself or with friends. 
7. 
Remembering maths 
ideas, concepts, rules or 
formulae. 
    
 Creating maths ideas, 
concepts, rules or 
formulae. 
8. 
Telling me what a 
triangle is. 
    
 Letting me see examples 
of triangles to 
understand their 
properties. 
9. 
Demonstrating and 
explaining maths 
concepts and proofs. 
    
 
Keeping maths magical. 
10. 
Using maths to predict 
or explain events, i.e. 
staying in control 
    
 Using maths for 
development and 
progress 
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SECTION D: LEARNING MATHEMATICS 
 
For each of the items below, tick ONE box to tell us how important it is to you when you learn 
mathematics. 
NO PHRASE 
1 2 3 4 5 
Absolutely 
Unimportant 
Unimportant Neutral Important 
Absolutely 
Important 
1. Investigations      
2. Problem-solving      
3. 
Small-group 
discussions 
     
4. 
Using the 
calculator 
     
5. 
Explaining by the 
teacher or lecturer 
     
6. 
Working step-by-
step 
     
7. 
Whole-class 
discussions 
     
8. 
Learning the 
proofs/theory 
     
9. 
Mathematics 
debates or 
discussions 
     
10. 
Relating 
mathematics to 
other subjects in 
school or 
university courses 
     
11. 
Appreciating the 
beauty of 
mathematics [E.g. 
33+44 + 33 + 55 =
3435] 
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NO PHRASE 
1 2 3 4 5 
Absolutely 
Unimportant 
Unimportant Neutral Important 
Absolutely 
Important 
12. 
Connecting 
mathematics to 
real life 
     
13. 
Practicing how to 
use mathematics 
formulae 
     
14. 
Memorising facts 
(E.g. Area of a 
rectangle = length 
x breadth) 
     
15. 
Looking for 
different ways to 
find the answer  
     
16. 
Looking for 
different possible 
answers  
     
17. 
Stories about the 
history of 
mathematics 
     
18. 
Stories about 
recent 
developments in 
mathematics  
     
19. 
Explaining my 
solutions to the 
class  
     
20. 
Mathematics 
puzzles or riddles 
[E.g. What is the 
smallest positive 
whole number that 
contains the letter 
‘a’, when written in 
words?] 
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NO PHRASE 
1 2 3 4 5 
Absolutely 
Unimportant 
Unimportant Neutral Important 
Absolutely 
Important 
21. 
Learners/students 
reviewing 
mathematics 
problems 
     
22. 
Using the calculator 
to check the 
answer 
     
23. 
Learning 
mathematics with 
ICT (electronic 
devices) 
     
24. 
Learning 
mathematics via 
the Internet 
     
25. Mathematical 
games 
     
26. 
Relationships 
between 
mathematics 
concepts  
[E.g. 
21
35
 ÷  
3
7
=  
7
5
 ] 
     
27. 
Being lucky at 
getting the correct 
answer 
     
28. Knowing the times 
tables 
     
29. 
Making up my own 
mathematics 
questions 
     
30. Using alternative 
methods 
     
31. Verifying theorems      
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NO NO 
PHRASE 1 2 3 4 
Absolutely 
Unimportant 
Absolutely 
Unimportant 
Unimportant Neutral Important 
32. 
Using 
mathematical 
words (E.g. angle 
or denominator) 
     
33. 
Writing the 
solutions step-
by-step 
     
34. 
Outdoor 
mathematics 
activities 
     
35. 
Teacher/Lecturer 
asking us 
questions 
     
36. Practicing with 
lots of questions 
     
37. 
Doing a lot of 
mathematics 
homework or 
exercises 
     
38. Given a formula 
to use 
     
39. 
Looking out for 
mathematics in 
real life 
     
40. 
Knowing where 
rules / formulae 
came from 
     
41. 
Teacher/Lecturer 
helping me 
individually 
     
42. 
Working out the 
mathematics by 
myself 
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NO NO 
PHRASE 1 2 3 4 
Absolutely 
Unimportant 
Absolutely 
Unimportant 
Unimportant Neutral Important 
43. 
Mathematics 
assessments 
(E.g. tests, 
assignments, 
etc.) 
     
44. 
Feedback from 
my 
teacher/lecturer 
     
45. Feedback from 
my friends 
     
46. Me asking 
questions 
     
47. 
Using diagrams 
to understand 
mathematics 
     
48. 
Using physical 
objects to 
understand 
mathematics 
(E.g. an abacus, 
manipulatives, 
plastic figures, 
etc.) 
     
49. 
Examples to 
help me 
understand 
     
50. Getting the 
correct answer 
     
51. Learning from 
mistakes 
     
52. 
Hands-on 
activities (E.g. 
Lego blocks or 
place value 
cards) 
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NO NO 
PHRASE 1 2 3 4 
Absolutely 
Unimportant 
Absolutely 
Unimportant 
Unimportant Neutral Important 
53. 
Lecturer/Teacher 
using keywords of 
mathematics 
terminology (e.g. 
‘share’ to signal 
division; contrasting 
‘solve’ and ‘simplify’) 
     
54A Understanding 
concepts 
     
54B Understanding 
processes 
     
55. Shortcuts to solving a 
problem 
    
 
 
 
56. Knowing the steps of 
the solution 
     
57. Mathematics 
homework 
     
58. Knowing which 
formula to use 
     
59. 
Knowing the 
theoretical aspects of 
mathematics (E.g. 
proofs, definitions or 
types) 
     
60. 
Mystery of 
mathematics (E.g. 
111 111 111 x 111 
111 111 = 
12345678987654321) 
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NO PHRASE 
1 2 3 4 5 
Absolutely 
Unimportant 
Unimportant Neutral Important 
Absolutely 
Important 
61. 
Stories about 
mathematicians 
(E.g. 
Pythagoras, 
Euclid or 
Riemann) 
     
62. 
Completing all 
mathematics 
work, 
problems, 
exercises, or 
tasks 
     
63. 
Understanding 
why my 
solution is 
incorrect or 
correct 
     
64. 
Remembering 
the work we 
have done 
     
 
Your participation is very much appreciated. 
 
__________________  
Ms R Asmail 
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Annexure C: Consent form for school principal  
 
22nd of June 2017 
The Principal: UJ Metropolitan Academy 
Cnr Hekpoort and Foyle Street 
Crosby, Johannesburg 
 
Dear Madam/Sir 
 
SURVEY: WHAT I FIND IMPORTANT [WIFI] IN MATHEMATICS 
LEARNING 
 
The purpose of this letter is to firstly inform you of a research project in Mathematics 
Education, which is currently being conducted by a team of eight researchers from this 
University. My letter secondly cordially requests your approval that Ms Raeesa 
Asmail, a member of your staff, who is also a registered master’s student at UJ, be 
allowed to collect data from selected mathematics learners/students from your school 
by using the official project questionnaire. 
The Mathematics Education Unit at UJ is participating in an international research 
project, known as the What I Find Important (WIFI) in mathematics learning project, in 
which mathematics learners in schools (or students in universities) from 18 countries 
are participating. The aim of the project is to identify values, attributes and behaviours, 
which school mathematics learners (in various grades) or university mathematics 
students (at various undergraduate levels) associate with the learning of mathematics. 
Data will be collected via an internationally standardised (and tailor-made for the South 
African context) questionnaire. Data collected from selected learners at your school 
are intended to form part of the Master’s in Mathematics Education study of Ms 
Raeesa Asmail, who is a member of the UJ research project team.  
Ms Asmail initially needs to conduct a pilot study using the international project 
questionnaire as soon as practically possible. She intends to involve a limited number 
of mathematics learners from different earmarked grades for this. After the 
questionnaire has been refined (if necessary), all mathematics learners from the 
earmarked grades will be requested to complete the questionnaire. Every effort will be 
made to safeguard learner confidentiality and anonymity. Learner participation is 
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voluntary and there are no foreseen risks for the participants, their parents/guardians, 
the school or the master’s student (Ms Asmail). 
Ms Asmail’s master’s research proposal was recently approved by the Mathematics 
Education Unit of UJ, while she has also gained the go-ahead from the Faculty of 
Education’s Research Ethics Committee in respect of her data collection. The 
Research Division of the Gauteng Department of Education has also been informed 
of the research project, which will be conducted in a number of schools in the province. 
I’m hereby requesting your approval (in your capacity as Principal) that the 
questionnaire of the WIFI in Mathematics learning project may be used by Ms Asmail 
to collect data from selected mathematics learners from your school. I would further 
most appreciate the School’s assistance to Ms Asmail in this respect. You are 
welcome to contact me at any time for additional information, in my capacity as UJ 
project leader, as well as supervisor of several master’s students’ studies, of whom 
Ms Asmail is one. 
Yours sincerely, 
 
 
Prof Gerrie J Jacobs 
Mathematics Education Unit 
Department of Science and Technology Education 
B Ring 432, Auckland Park Kingsway Campus 
Faculty of Education, University of Johannesburg 
Telephone: 011 5592693 (W) 
E-mail: gjacobs@uj.ac.za 
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Annexure D: Ethical clearance from UJ  
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Annexure E: Ethical clearance from the Department of Education  
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Annexure F: Consent form for parents  
WHAT I FIND IMPORTANT [WIFI] IN MATHEMATICS LEARNING PROJECT 
__________________________________________________________________________________________ 
TO: 
Parents/Guardians of Mathematics 
learners 
UJ Metropolitan Academy 
FROM: 
Prof GJ Jacobs, University of Johannesburg 
DATE: 22 June 2017 THEME: GAINING PARENTAL CONSENT 
__________________________________________________________________________________________________________________ 
The Mathematics Education Unit at the University of Johannesburg (UJ) is participating in an 
international research project, known as the What I Find Important (WIFI) in mathematics learning 
project, in which data will be collected from mathematics learners in schools (or students in 
universities) from 18 countries. The aim of the project is to identify values, attributes and behaviours, 
which school mathematics learners (in various grades) or university mathematics students (at various 
undergraduate levels) associate with the learning of mathematics. Data will be collected via an 
internationally standardised (and tailor-made for the South African context) questionnaire. Data 
collected from selected learners at your school are intended to form part of the Master’s in 
Mathematics Education study of Ms R. Asmail, who is a member of the UJ research project team, 
and who is also a teacher at the school.  
I hereby request your consent (as parent, guardian, family member or in another capacity) that your 
child, who is a learner at the school, be allowed to participate in the project and to complete the WIFI 
in Mathematics learning questionnaire. Every effort will be made to safeguard learner confidentiality 
and anonymity. Participation is voluntary and there are no foreseen risks for the learners, their 
parents/guardians, the School or the University. If you are willing to give your consent, please 
complete the following paragraph and send this document back to Ms Asmail. 
I, ____________________________ (initials & surname of parent, guardian or family member), in my 
capacity as ______________________ (parent/guardian/family member/other) of 
_________________ (initials and surname of learner) hereby give my consent that she/he may 
participate in the abovementioned project. I understand that her/his personal details (and any other 
data) will be kept strictly confidential. I also understand that I may withdraw my consent at any time. 
______________________________ 
Signature of parent/guardian/family member, etc. 
You are welcome to contact me at any time for additional information, in my capacity as UJ project 
leader, as well as supervisor of several master’s students’ studies, of whom Ms Asmail is one. 
Yours sincerely, 
 
Prof Gerrie J Jacobs 
Unit for Mathematics Education, Department of Science & Technology Education 
B Ring 432, Auckland Park Kingsway Campus 
Tel: +2711 5592693 (work); E-mail: gjacobs@uj.ac.za  
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Annexure G: Initial anti-image correlation matrix for all 65 items 
 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 
D1 Investigations .870a -0,234 -0,082 -0,032 -0,096 -0,047 -0,054 -0,031 -0,031 -0,031 -0,093 -0,028 0,066 -0,097 
D2 Problem-solving -0,234 .849a 0,052 -0,030 0,097 0,206 0,061 -0,063 -0,031 0,123 -0,155 0,069 -0,228 0,048 
D3 Small-group discussions -0,082 0,052 .600a 0,059 0,006 -0,047 -0,297 0,207 0,015 -0,004 0,189 -0,089 -0,026 0,084 
D4 Using the calculator -0,032 -0,030 0,059 .767a -0,043 -0,036 -0,060 0,089 0,019 -0,071 0,062 -0,043 -0,012 0,158 
D5 Explaining by the 
teacher or lecturer 
-0,096 0,097 0,006 -0,043 .641a -0,154 -0,025 0,007 -0,029 0,076 -0,072 -0,128 -0,075 0,006 
D6 Working step-by-step -0,047 0,206 -0,047 -0,036 -0,154 .844a -0,001 -0,180 0,020 0,076 -0,037 0,098 -0,110 0,027 
D7 Whole-class 
discussions 
-0,054 0,061 -0,297 -0,060 -0,025 -0,001 .640a -0,173 -0,122 0,110 0,087 -0,053 0,051 0,051 
D8 Learning the 
proofs/theory 
-0,031 -0,063 0,207 0,089 0,007 -0,180 -0,173 .816a 0,003 -0,191 0,055 -0,075 -0,207 0,023 
D9 Mathematics debates or 
discussions 
-0,031 -0,031 0,015 0,019 -0,029 0,020 -0,122 0,003 .861a -0,196 0,048 0,084 -0,062 0,015 
D10 Relating mathematics 
to other subjects in school 
or university courses 
-0,031 0,123 -0,004 -0,071 0,076 0,076 0,110 -0,191 -0,196 .815a -0,123 -0,142 0,127 -0,115 
D11 Appreciating the 
beauty of mathematics 
[E.g. 
3^3+4^4+3^3+5^5=3435] 
-0,093 -0,155 0,189 0,062 -0,072 -0,037 0,087 0,055 0,048 -0,123 .879a -0,184 0,094 0,108 
D12 Connecting 
mathematics to real life 
-0,028 0,069 -0,089 -0,043 -0,128 0,098 -0,053 -0,075 0,084 -0,142 -0,184 .864a -0,095 0,096 
D13 Practicing how to use 
mathematics formulae 
0,066 -0,228 -0,026 -0,012 -0,075 -0,110 0,051 -0,207 -0,062 0,127 0,094 -0,095 .890a -0,220 
D14 Memorising facts (E.g. 
Area of a rectangle = length 
x breadth) 
-0,097 0,048 0,084 0,158 0,006 0,027 0,051 0,023 0,015 -0,115 0,108 0,096 -0,220 .767a 
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 D15 D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 
D15 Looking for different 
ways to find the answer 
.873a -0,459 -0,037 -0,054 -0,115 0,068 0,006 -0,014 -0,083 0,051 0,011 
D16 Looking for different 
possible answers 
-0,459 .847a -0,093 0,066 0,235 -0,036 -0,105 0,052 0,029 0,054 0,027 
D17 Stories about the history 
of mathematics 
-0,037 -0,093 .783a -0,484 -0,032 -0,014 0,051 0,093 0,111 -0,054 0,084 
D18 Stories about recent 
developments in mathematics 
-0,054 0,066 -0,484 .876a -0,055 -0,028 -0,209 0,001 -0,001 0,057 -0,067 
D19 Explaining my solutions 
to the class 
-0,115 0,235 -0,032 -0,055 .827a -0,099 -0,082 0,081 -0,088 0,030 0,100 
D20 Mathematics puzzles or 
riddles [E.g. What is the 
smallest positive whole 
number that contains the 
letter ‘a’, when written in 
words?] 
0,068 -0,036 -0,014 -0,028 -0,099 .879a -0,189 0,016 0,028 -0,042 -0,185 
D21 Learners/students 
reviewing mathematics 
problems 
0,006 -0,105 0,051 -0,209 -0,082 -0,189 .913a -0,124 0,010 -0,069 0,036 
D22 Using the calculator to 
check the answer 
-0,014 0,052 0,093 0,001 0,081 0,016 -0,124 .642a 0,015 -0,056 0,050 
D23 Learning mathematics 
with ICT (electronic devices) 
-0,083 0,029 0,111 -0,001 -0,088 0,028 0,010 0,015 .633a -0,565 0,075 
D24 Learning mathematics 
via the Internet 
0,051 0,054 -0,054 0,057 0,030 -0,042 -0,069 -0,056 -0,565 .631a -0,234 
D25 Mathematical games 0,011 0,027 0,084 -0,067 0,100 -0,185 0,036 0,050 0,075 -0,234 .802a 
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 D26 D27 D28 D29 D30 D31 D32 D33 D34 D35 D36 D37 D38 D39 
D26 Relationships between 
mathematics concepts [E.g. 
21/35 ÷ 3/7= 7/5 ] 
.912a 0,061 -0,025 -0,055 -0,079 -0,036 -0,043 0,017 0,269 0,000 -0,038 -0,108 0,069 -0,091 
D27 Being lucky at getting 
the correct answer 
0,061 .704a -0,120 -0,129 -0,085 0,031 0,146 -0,107 0,018 0,012 0,087 0,050 -0,037 0,100 
D28 Knowing the times 
tables 
-0,025 -0,120 .784a -0,122 0,008 -0,109 -0,110 -0,009 0,043 -0,028 -0,036 -0,028 -0,010 -0,124 
D29 Making up my own 
mathematics questions 
-0,055 -0,129 -0,122 .923a -0,029 -0,090 0,009 0,144 -0,017 -0,072 -0,006 -0,027 0,016 -0,102 
D30 Using alternative 
methods 
-0,079 -0,085 0,008 -0,029 .852a -0,246 -0,150 -0,022 -0,040 -0,121 -0,064 0,060 -0,130 -0,034 
D31 Verifying theorems -0,036 0,031 -0,109 -0,090 -0,246 .900a -0,102 -0,008 -0,093 -0,041 0,054 -0,009 -0,073 0,000 
D32 Using mathematical 
words (E.g. angle or 
denominator) 
-0,043 0,146 -0,110 0,009 -0,150 -0,102 .855a -0,321 -0,021 -0,023 0,007 -0,030 0,116 0,071 
D33 Writing the solutions 
step-by-step 
0,017 -0,107 -0,009 0,144 -0,022 -0,008 -0,321 .807a -0,099 0,052 -0,033 0,073 0,002 0,124 
D34 Outdoor mathematics 
activities 
0,269 0,018 0,043 -0,017 -0,040 -0,093 -0,021 -0,099 .742a -0,084 0,060 -0,001 0,113 -0,140 
D35 Teacher/Lecturer 
asking us questions 
0,000 0,012 -0,028 -0,072 -0,121 -0,041 -0,023 0,052 -0,084 .899a -0,076 0,045 0,019 0,008 
D36 Practicing with lots of 
questions 
-0,038 0,087 -0,036 -0,006 -0,064 0,054 0,007 -0,033 0,060 -0,076 .899a -0,391 -0,027 -0,035 
D37 Doing a lot of 
mathematics homework or 
exercises 
-0,108 0,050 -0,028 -0,027 0,060 -0,009 -0,030 0,073 -0,001 0,045 -0,391 .867a -0,046 0,056 
D38 Given a formula to use 0,069 -0,037 -0,010 0,016 -0,130 -0,073 0,116 0,002 0,113 0,019 -0,027 -0,046 .787
a -0,019 
D39 Looking out for 
mathematics in real life 
-0,091 0,100 -0,124 -0,102 -0,034 0,000 0,071 0,124 -0,140 0,008 -0,035 0,056 -0,019 .860a 
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 D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 
D40 Knowing where rules / 
formulae came from 
.876a -0,001 -0,034 -0,105 0,102 -0,020 -0,087 0,056 0,041 0,140 0,030 -0,113 0,128 
D41 Teacher/Lecturer helping 
me individually 
-0,001 .779a -0,120 0,110 0,030 0,005 -0,123 0,011 -0,069 -0,127 0,062 -0,011 0,046 
D42 Working out the 
mathematics by myself 
-0,034 -0,120 .820a -0,139 -0,122 -0,071 0,087 0,123 -0,074 0,069 -0,108 -0,079 -0,012 
D43 Mathematics assessments 
(E.g. tests, assignments, etc.) 
-0,105 0,110 -0,139 .911a -0,172 0,143 0,019 -0,071 0,022 -0,056 -0,010 0,060 0,163 
D44 Feedback from my 
teacher/lecturer 
0,102 0,030 -0,122 -0,172 .812a -0,179 -0,093 0,044 -0,071 -0,034 -0,027 -0,221 -0,011 
D45 Feedback from my friends -0,020 0,005 -0,071 0,143 -0,179 .681a -0,166 -0,147 0,134 0,030 0,110 0,008 0,087 
D46 Me asking questions -0,087 -0,123 0,087 0,019 -0,093 -0,166 .873a -0,157 -0,009 0,025 0,004 -0,065 -0,118 
D47 Using diagrams to 
understand mathematics 
0,056 0,011 0,123 -0,071 0,044 -0,147 -0,157 .859a -0,103 -0,133 -0,025 0,028 -0,075 
D48 Using physical objects to 
understand mathematics (E.g. 
an abacus, manipulatives, 
plastic figures, etc.) 
0,041 -0,069 -0,074 0,022 -0,071 0,134 -0,009 -0,103 .810a -0,166 0,139 0,041 -0,225 
D49 Examples to help me 
understand 
0,140 -0,127 0,069 -0,056 -0,034 0,030 0,025 -0,133 -0,166 .866a -0,157 -0,161 0,133 
D50 Getting the correct answer 0,030 0,062 -0,108 -0,010 -0,027 0,110 0,004 -0,025 0,139 -0,157 .509a 0,102 -0,073 
D51 Learning from mistakes -0,113 -0,011 -0,079 0,060 -0,221 0,008 -0,065 0,028 0,041 -0,161 0,102 .794a -0,080 
D52 Hands-on activities (E.g. 
Lego blocks or place value 
cards) 
0,128 0,046 -0,012 0,163 -0,011 0,087 -0,118 -0,075 -0,225 0,133 -0,073 -0,080 .773a 
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 D53 D54A D54B D55 D56 D57 D58 D59 D60 D61 D62 D63 D64 
D53 Lecturer/Teacher using keywords 
of mathematics terminology (e.g. 
‘share’ to signal division; contrasting 
‘solve’ and ‘simplify’) 
.835a -0,132 0,040 0,037 0,053 0,051 -0,070 -0,186 -0,037 0,098 -0,108 0,109 -0,087 
D54A Understanding concepts -0,132 .814a -0,601 0,003 0,049 0,071 -0,094 -0,002 0,027 -0,017 0,035 0,021 -0,229 
D54B Understanding processes 0,040 -0,601 .831a 0,000 -0,194 -0,037 -0,112 -0,055 0,025 0,012 -0,075 0,000 0,081 
D55 Shortcuts to solving a problem 0,037 0,003 0,000 .687a -0,036 0,016 -0,113 0,037 -0,047 0,021 0,037 0,050 -0,091 
D56 Knowing the steps of the solution 0,053 0,049 -0,194 -0,036 .867a -0,135 -0,079 -0,044 -0,078 0,000 0,110 0,045 -0,118 
D57 Mathematics homework 0,051 0,071 -0,037 0,016 -0,135 .883a -0,002 -0,043 0,038 -0,190 -0,102 -0,044 0,008 
D58 Knowing which formula to use -0,070 -0,094 -0,112 -0,113 -0,079 -0,002 .876a -0,101 -0,125 0,078 -0,034 -0,171 -0,225 
D59 Knowing the theoretical aspects of 
mathematics (E.g. proofs, definitions or 
types) 
-0,186 -0,002 -0,055 0,037 -0,044 -0,043 -0,101 .874a -0,162 0,004 -0,049 -0,053 -0,038 
D60 Mystery of mathematics (E.g. 111 
111 111 x 111 111 111 = 
12345678987654321) 
-0,037 0,027 0,025 -0,047 -0,078 0,038 -0,125 -0,162 .852a -0,294 0,015 0,069 0,087 
D61 Stories about mathematicians 
(E.g. Pythagoras, Euclid or Riemann) 
0,098 -0,017 0,012 0,021 0,000 -0,190 0,078 0,004 -0,294 .882a 0,011 0,018 -0,079 
D62 Completing all mathematics work, 
problems, exercises, or tasks 
-0,108 0,035 -0,075 0,037 0,110 -0,102 -0,034 -0,049 0,015 0,011 .919a -0,021 -0,133 
D63 Understanding why my solution is 
incorrect or correct 
0,109 0,021 0,000 0,050 0,045 -0,044 -0,171 -0,053 0,069 0,018 -0,021 .873a -0,254 
D64 Remembering the work we have 
done 
-0,087 -0,229 0,081 -0,091 -0,118 0,008 -0,225 -0,038 0,087 -0,079 -0,133 -0,254 .828a 
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Annexure H: Extract from the total variance explain for the initial PCA analysis 
with 16 components 
Total Variance Explained 
Component 
Initial Eigenvalues Extraction Sums of Squared Loadings 
Total 
% of 
Variance 
Cumulative 
% Total 
% of 
Variance 
Cumulative 
% 
1 13.120 20.184 20.184 13.120 20.184 20.184 
2 5.428 8.351 28.535 5.428 8.351 28.535 
3 3.596 5.532 34.067 3.596 5.532 34.067 
4 2.311 3.556 37.623 2.311 3.556 37.623 
5 1.993 3.066 40.689 1.993 3.066 40.689 
6 1.917 2.949 43.638 1.917 2.949 43.638 
7 1.657 2.550 46.187 1.657 2.550 46.187 
8 1.556 2.393 48.581 1.556 2.393 48.581 
9 1.402 2.157 50.738 1.402 2.157 50.738 
10 1.341 2.063 52.801 1.341 2.063 52.801 
11 1.311 2.017 54.818 1.311 2.017 54.818 
12 1.253 1.927 56.746 1.253 1.927 56.746 
13 1.175 1.807 58.553 1.175 1.807 58.553 
14 1.128 1.735 60.288 1.128 1.735 60.288 
15 1.091 1.679 61.967 1.091 1.679 61.967 
16 1.048 1.613 63.579 1.048 1.613 63.579 
17 .983 1.512 65.091    
18 .978 1.504 66.596    
19 .935 1.438 68.034    
20 .897 1.380 69.413    
21 .890 1.370 70.783    
22 .839 1.290 72.073    
23 .832 1.279 73.353    
24 .809 1.245 74.598    
25 .792 1.218 75.816    
26 .773 1.189 77.004    
27 .743 1.142 78.147    
28 .733 1.127 79.274    
29 .692 1.064 80.338    
30 .659 1.013 81.351    
31 .636 .978 82.329    
32 .601 .925 83.254    
33 .598 .919 84.173    
34 .581 .894 85.067    
35 .573 .881 85.948    
Extraction Method: Principal Component Analysis. 
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Annexure I: Component matrix for initial PCA with 16 components  
 
Component Matrixa 
Component 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
D26 Relationships between mathematics 
concepts [E.g. 21/35 ÷ 3/7= 7/5 ] 
.646 
               
D21 Learners/students reviewing mathematics 
problems 
.623 
               
D62 Completing all mathematics work, 
problems, exercises, or tasks 
.621 
               
D31 Verifying theorems .619 
               
D15 Looking for different ways to find the 
answer 
.603 
     
-.349 
     
.318 
   
D43 Mathematics assessments (E.g. tests, 
assignments, etc.) 
.588 -.344 
              
D30 Using alternative methods .584 
     
-.337 
         
D57 Mathematics homework .566 -.319 
              
D54B Understanding processes .566 -.324 
  
-.354 
           
D13 Practicing how to use mathematics 
formulae 
.562 -.451 
              
D35 Teacher/Lecturer asking us questions .552 
     
.335 
         
D11 Appreciating the beauty of mathematics 
[E.g. 3^3+4^4+3^3+5^5=3435] 
.543 
               
D39 Looking out for mathematics in real life .540 .391 
              
D37 Doing a lot of mathematics homework or 
exercises 
.539 -.319 
  
.333 
          
-.345 
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D32 Using mathematical words (E.g. angle or 
denominator) 
.536 
       
.300 
       
D16 Looking for different possible answers .533 
     
-.382 -.342 
        
D36 Practicing with lots of questions .530 -.327 
             
-.397 
D1 Investigations .525 
               
D2 Problem-solving .522 
               
D63 Understanding why my solution is 
incorrect or correct 
.517 -.314 
              
D54A Understanding concepts .516 
   
-.364 
           
D12 Connecting mathematics to real life .516 .341 
   
.312 
          
D59 Knowing the theoretical aspects of 
mathematics (E.g. proofs, definitions or types) 
.513 
  
.303 
            
D53 Lecturer/Teacher using keywords of 
mathematics terminology (e.g. ‘share’ to signal 
division; contrasting ‘solve’ and ‘simplify’) 
.512 
               
D29 Making up my own mathematics 
questions 
.511 
               
D18 Stories about recent developments in 
mathematics 
.505 .361 
              
D40 Knowing where rules / formulae came 
from 
.503 .343 
              
D46 Me asking questions .499 
               
D33 Writing the solutions step-by-step .497 
       
.470 
       
D20 Mathematics puzzles or riddles [E.g. 
What is the smallest positive whole number 
that contains the letter ‘a’, when written in 
words?] 
.494 .361 
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D8 Learning the proofs/theory .491 
               
D61 Stories about mathematicians (E.g. 
Pythagoras, Euclid or Riemann) 
.478 .457 
              
D58 Knowing which formula to use .478 -.393 .309 
             
D44 Feedback from my teacher/lecturer .476 
  
-.333 
 
.318 
          
D49 Examples to help me understand .474 
 
.427 
             
D56 Knowing the steps of the solution .472 
   
-.325 
           
D6 Working step-by-step .471 
    
-.363 
          
D19 Explaining my solutions to the class .462 
  
-.416 
            
D9 Mathematics debates or discussions .448 .360 
              
D60 Mystery of mathematics (E.g. 111 111 
111 x 111 111 111 = 12345678987654321) 
.439 .338 
 
.317 
      
.316 
     
D64 Remembering the work we have done .432 -.362 .344 
             
D47 Using diagrams to understand 
mathematics 
.420 .323 
              
D10 Relating mathematics to other subjects in 
school or university courses 
.407 .310 
   
.363 
          
D14 Memorising facts (E.g. Area of a 
rectangle = length x breadth) 
.374 -.362 
  
.315 
   
-.353 
       
D48 Using physical objects to understand 
mathematics (E.g. an abacus, manipulatives, 
plastic figures, etc.) 
.356 .308 
              
D34 Outdoor mathematics activities 
 
.604 
              
D52 Hands-on activities (E.g. Lego blocks or 
place value cards) 
 
.556 
       
-.302 
      
D25 Mathematical games .364 .483 
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D17 Stories about the history of mathematics .369 .481 
              
D45 Feedback from my friends 
 
.353 
 
-.335 
     
.309 
      
D22 Using the calculator to check the answer 
  
.597 
             
D4 Using the calculator 
  
.550 
      
.349 
      
D23 Learning mathematics with ICT 
(electronic devices) 
  
.539 
 
.307 
           
D24 Learning mathematics via the Internet 
 
.321 .504 
 
.416 
           
D55 Shortcuts to solving a problem 
  
.482 
             
D38 Given a formula to use .304 
 
.337 
             
D27 Being lucky at getting the correct answer 
  
.335 
        
.302 
  
.309 
 
D41 Teacher/Lecturer helping me individually 
  
.323 
             
D7 Whole-class discussions 
 
.338 
 
-.423 
            
D3 Small-group discussions 
 
.359 
 
-.376 
            
D28 Knowing the times tables 
    
.385 
       
-.330 
   
D51 Learning from mistakes .405 
     
-.507 
         
D42 Working out the mathematics by myself .400 
     
-.445 
         
D5 Explaining by the teacher or lecturer 
      
.312 
         
D50 Getting the correct answer 
  
.318 
    
.348 
  
-.310 
     
Extraction Method: Principal Component Analysis. 
a. 16 components extracted. 
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Annexure J: Scree plot of initial PCA of 16 components  
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Annexure K: Pattern matrix of PCA with 64 items and seven components 
forced  
Pattern Matrixa 
 
Component 
1 2 3 4 5 6 7 
D57 Mathematics homework .618       
D37 Doing a lot of 
mathematics homework or 
exercises 
.611       
D43 Mathematics 
assessments (E.g. tests, 
assignments, etc.) 
.544       
D28 Knowing the times 
tables 
.514       
D1 Investigations .421       
D2 Problem-solving .406       
D26 Relationships between 
mathematics concepts [E.g. 
21/35 ÷ 3/7= 7/5 ] 
.400 .356      
D62 Completing all 
mathematics work, problems, 
exercises, or tasks 
.393       
D32 Using mathematical 
words (E.g. angle or 
denominator) 
       
D12 Connecting 
mathematics to real life 
 .763      
D39 Looking out for 
mathematics in real life 
 .743      
D18 Stories about recent 
developments in 
mathematics 
 .688      
D40 Knowing where rules / 
formulae came from 
 .666      
D61 Stories about 
mathematicians (E.g. 
Pythagoras, Euclid or 
Riemann) 
 .623      
D17 Stories about the history 
of mathematics 
-.324 .601      
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D11 Appreciating the beauty 
of mathematics [E.g. 
3^3+4^4+3^3+5^5=3435] 
 .601      
D10 Relating mathematics to 
other subjects in school or 
university courses 
 .582      
D60 Mystery of mathematics 
(E.g. 111 111 111 x 111 111 
111 = 12345678987654321) 
 .561      
D21 Learners/students 
reviewing mathematics 
problems 
 .429      
D20 Mathematics puzzles or 
riddles [E.g. What is the 
smallest positive whole 
number that contains the 
letter ‘a’, when written in 
words?] 
.300 .368      
D35 Teacher/Lecturer asking 
us questions 
       
D23 Learning mathematics 
with ICT (electronic devices) 
  .748     
D24 Learning mathematics 
via the Internet 
  .745     
D55 Shortcuts to solving a 
problem 
  .589     
D22 Using the calculator to 
check the answer 
  .588  -.314   
D4 Using the calculator   .562     
D27 Being lucky at getting 
the correct answer 
  .425     
D7 Whole-class discussions    .680    
D3 Small-group discussions    .657    
D45 Feedback from my 
friends 
   .548    
D34 Outdoor mathematics 
activities 
-.392   .509    
D19 Explaining my solutions 
to the class 
.351   .487    
D52 Hands-on activities (E.g. 
Lego blocks or place value 
cards) 
   .483    
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D9 Mathematics debates or 
discussions 
   .451    
D47 Using diagrams to 
understand mathematics 
   .389    
D29 Making up my own 
mathematics questions 
.358   .362    
D25 Mathematical games  .330  .347    
D41 Teacher/Lecturer 
helping me individually 
       
D54B Understanding 
processes 
    -.685   
D54A Understanding 
concepts 
    -.646   
D63 Understanding why my 
solution is incorrect or correct 
    -.528   
D44 Feedback from my 
teacher/lecturer 
.338    -.476   
D56 Knowing the steps of the 
solution 
    -.419 -.315 -.317 
D64 Remembering the work 
we have done 
    -.406  -.340 
D46 Me asking questions     -.338   
D6 Working step-by-step      -.672  
D38 Given a formula to use      -.613  
D58 Knowing which formula 
to use 
    -.353 -.526  
D59 Knowing the theoretical 
aspects of mathematics (E.g. 
proofs, definitions or types) 
     -.513  
D8 Learning the 
proofs/theory 
     -.511  
D14 Memorising facts (E.g. 
Area of a rectangle = length x 
breadth) 
.354     -.498  
D13 Practicing how to use 
mathematics formulae 
     -.477  
D49 Examples to help me 
understand 
     -.466  
D33 Writing the solutions 
step-by-step 
     -.456  
D31 Verifying theorems      -.369  
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D36 Practicing with lots of 
questions 
.314     -.355  
D48 Using physical objects 
to understand mathematics 
(E.g. an abacus, 
manipulatives, plastic figures, 
etc.) 
   .315  -.338  
D53 Lecturer/Teacher using 
keywords of mathematics 
terminology (e.g. ‘share’ to 
signal division; contrasting 
‘solve’ and ‘simplify’) 
       
D51 Learning from mistakes       -.653 
D42 Working out the 
mathematics by myself 
      -.567 
D16 Looking for different 
possible answers 
 .343     -.490 
D15 Looking for different 
ways to find the answer 
 .330     -.470 
D30 Using alternative 
methods 
      -.456 
D5 Explaining by the teacher 
or lecturer 
      .310 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Oblimin with Kaiser Normalization.a 
a. Rotation converged in 28 iterations. 
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Annexure L: Component matrix of PCA with 64 items and seven components 
forced  
Component Matrixa 
 
Component 
1 2 3 4 5 6 7 
D26 Relationships between mathematics concepts [E.g. 
21/35 ÷ 3/7= 7/5 ] 
.646       
D21 Learners/students reviewing mathematics problems .623       
D62 Completing all mathematics work, problems, 
exercises, or tasks 
.621       
D31 Verifying theorems .618       
D15 Looking for different ways to find the answer .603      -.339 
D43 Mathematics assessments (E.g. tests, assignments, 
etc.) 
.588 -.345      
D30 Using alternative methods .584      -.334 
D57 Mathematics homework .566 -.323      
D54B Understanding processes .565 -.320   -.351   
D13 Practicing how to use mathematics formulae .562 -.453      
D35 Teacher/Lecturer asking us questions .552      .333 
D11 Appreciating the beauty of mathematics [E.g. 
3^3+4^4+3^3+5^5=3435] 
.543       
D39 Looking out for mathematics in real life .540 .390      
D37 Doing a lot of mathematics homework or exercises .539 -.322   .322   
D32 Using mathematical words (E.g. angle or 
denominator) 
.536       
D16 Looking for different possible answers .533      -.369 
D36 Practicing with lots of questions .530 -.327      
D1 Investigations .525       
D2 Problem-solving .522       
D63 Understanding why my solution is incorrect or correct .517 -.319      
D54A Understanding concepts .516    -.356   
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D12 Connecting mathematics to real life .516 .337    .315  
D59 Knowing the theoretical aspects of mathematics (E.g. 
proofs, definitions or types) 
.513   -.306    
D53 Lecturer/Teacher using keywords of mathematics 
terminology (e.g. ‘share’ to signal division; contrasting 
‘solve’ and ‘simplify’) 
.512       
D29 Making up my own mathematics questions .511       
D18 Stories about recent developments in mathematics .505 .357 -.306     
D40 Knowing where rules / formulae came from .503 .339      
D46 Me asking questions .499       
D33 Writing the solutions step-by-step .496       
D20 Mathematics puzzles or riddles [E.g. What is the 
smallest positive whole number that contains the letter ‘a’, 
when written in words?] 
.494 .359      
D8 Learning the proofs/theory .491       
D61 Stories about mathematicians (E.g. Pythagoras, 
Euclid or Riemann) 
.479 .455      
D58 Knowing which formula to use .478 -.386 .309     
D44 Feedback from my teacher/lecturer .476   .323  .320  
D49 Examples to help me understand .474  .426     
D56 Knowing the steps of the solution .472    -.342   
D6 Working step-by-step .471     -.362  
D19 Explaining my solutions to the class .462   .423    
D9 Mathematics debates or discussions .448 .358      
D60 Mystery of mathematics (E.g. 111 111 111 x 111 111 
111 = 12345678987654321) 
.439 .337  -.302    
D64 Remembering the work we have done .432 -.356 .352     
D47 Using diagrams to understand mathematics .420 .328      
D10 Relating mathematics to other subjects in school or 
university courses 
.407 .309    .365  
D14 Memorising facts (E.g. Area of a rectangle = length x 
breadth) 
.373 -.360   .340   
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D48 Using physical objects to understand mathematics 
(E.g. an abacus, manipulatives, plastic figures, etc.) 
.356 .310      
D34 Outdoor mathematics activities  .608      
D52 Hands-on activities (E.g. Lego blocks or place value 
cards) 
 .559      
D25 Mathematical games .364 .487      
D17 Stories about the history of mathematics .369 .477  -.301    
D45 Feedback from my friends  .354  .337    
D22 Using the calculator to check the answer   .592     
D4 Using the calculator   .555     
D23 Learning mathematics with ICT (electronic devices)   .525  .348   
D24 Learning mathematics via the Internet  .331 .488  .454   
D55 Shortcuts to solving a problem   .465     
D41 Teacher/Lecturer helping me individually   .337     
D38 Given a formula to use .304  .329     
D27 Being lucky at getting the correct answer   .324     
D7 Whole-class discussions  .340  .423    
D3 Small-group discussions  .361  .364    
D28 Knowing the times tables     .355   
D51 Learning from mistakes .405      -.507 
D42 Working out the mathematics by myself .400      -.452 
D5 Explaining by the teacher or lecturer       .325 
Extraction Method: Principal Component Analysis. 
a. 7 components extracted. 
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Annexure M: Communalities for 64 items (excluding Item 50) with seven 
components forced  
Communalities 
 Initial Extraction 
D1 Investigations 1.000 .385 
D2 Problem-solving 1.000 .368 
D3 Small-group discussions 1.000 .423 
D4 Using the calculator 1.000 .465 
D5 Explaining by the teacher or lecturer 1.000 .240 
D6 Working step-by-step 1.000 .507 
D7 Whole-class discussions 1.000 .424 
D8 Learning the proofs/theory 1.000 .430 
D9 Mathematics debates or discussions 1.000 .433 
D10 Relating mathematics to other subjects in school or university courses 1.000 .434 
D11 Appreciating the beauty of mathematics [E.g. 3^3+4^4+3^3+5^5=3435] 1.000 .483 
D12 Connecting mathematics to real life 1.000 .603 
D13 Practicing how to use mathematics formulae 1.000 .562 
D14 Memorising facts (E.g. Area of a rectangle = length x breadth) 1.000 .448 
D15 Looking for different ways to find the answer 1.000 .522 
D16 Looking for different possible answers 1.000 .492 
D17 Stories about the history of mathematics 1.000 .610 
D18 Stories about recent developments in mathematics 1.000 .566 
D19 Explaining my solutions to the class 1.000 .450 
D20 Mathematics puzzles or riddles [E.g. What is the smallest positive whole number that 
contains the letter ‘a’, when written in words?] 
1.000 .432 
D21 Learners/students reviewing mathematics problems 1.000 .482 
D22 Using the calculator to check the answer 1.000 .446 
D23 Learning mathematics with ICT (electronic devices) 1.000 .570 
D24 Learning mathematics via the Internet 1.000 .607 
D25 Mathematical games 1.000 .485 
D26 Relationships between mathematics concepts [E.g. 21/35 ÷ 3/7= 7/5 ] 1.000 .557 
D27 Being lucky at getting the correct answer 1.000 .276 
D28 Knowing the times tables 1.000 .268 
D29 Making up my own mathematics questions 1.000 .467 
D30 Using alternative methods 1.000 .491 
D31 Verifying theorems 1.000 .476 
D32 Using mathematical words (E.g. angle or denominator) 1.000 .329 
D33 Writing the solutions step-by-step 1.000 .415 
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D34 Outdoor mathematics activities 1.000 .521 
D35 Teacher/Lecturer asking us questions 1.000 .477 
D36 Practicing with lots of questions 1.000 .428 
D37 Doing a lot of mathematics homework or exercises 1.000 .572 
D38 Given a formula to use 1.000 .391 
D39 Looking out for mathematics in real life 1.000 .588 
D40 Knowing where rules / formulae came from 1.000 .500 
D41 Teacher/Lecturer helping me individually 1.000 .268 
D42 Working out the mathematics by myself 1.000 .387 
D43 Mathematics assessments (E.g. tests, assignments, etc.) 1.000 .571 
D44 Feedback from my teacher/lecturer 1.000 .466 
D45 Feedback from my friends 1.000 .342 
D46 Me asking questions 1.000 .366 
D47 Using diagrams to understand mathematics 1.000 .388 
D48 Using physical objects to understand mathematics (E.g. an abacus, manipulatives, 
plastic figures, etc.) 
1.000 .388 
D49 Examples to help me understand 1.000 .448 
D51 Learning from mistakes 1.000 .526 
D52 Hands-on activities (E.g. Lego blocks or place value cards) 1.000 .476 
D53 Lecturer/Teacher using keywords of mathematics terminology (e.g. ‘share’ to signal 
division; contrasting ‘solve’ and ‘simplify’) 
1.000 .366 
D54A Understanding concepts 1.000 .595 
D54B Understanding processes 1.000 .666 
D55 Shortcuts to solving a problem 1.000 .405 
D56 Knowing the steps of the solution 1.000 .516 
D57 Mathematics homework 1.000 .607 
D58 Knowing which formula to use 1.000 .544 
D59 Knowing the theoretical aspects of mathematics (E.g. proofs, definitions or types) 1.000 .430 
D60 Mystery of mathematics (E.g. 111 111 111 x 111 111 111 = 12345678987654321) 1.000 .453 
D61 Stories about mathematicians (E.g. Pythagoras, Euclid or Riemann) 1.000 .597 
D62 Completing all mathematics work, problems, exercises, or tasks 1.000 .492 
D63 Understanding why my solution is incorrect or correct 1.000 .466 
D64 Remembering the work we have done 1.000 .502 
Extraction Method: Principal Component Analysis. 
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Annexure N: Anti-image correlation matrix for final PCA with 38 items  
 D1 D2 D3 D4 D6 D7 D9 D11 D12 D15 D16 D17 D18 D19 
D1 Investigations .903a -0,208 -0,046 -0,044 -0,033 -0,037 -0,035 -0,061 -0,016 -0,100 0,000 -0,100 0,125 -0,010 
D2 Problem-solving -0,208 .882a 0,104 0,037 0,159 0,014 0,034 -0,102 0,059 -0,027 0,000 0,014 -0,077 -0,040 
D3 Small-group discussions -0,046 0,104 .623a -0,031 -0,004 -0,273 -0,017 0,100 -0,047 -0,155 -0,023 0,018 -0,063 -0,142 
D4 Using the calculator -0,044 0,037 -0,031 .810a -0,021 -0,051 -0,028 -0,019 -0,030 0,103 -0,067 -0,022 0,022 -0,011 
D6 Working step-by-step -0,033 0,159 -0,004 -0,021 .795a -0,054 -0,012 0,002 0,036 -0,006 -0,064 0,077 -0,090 -0,026 
D7 Whole-class discussions -0,037 0,014 -0,273 -0,051 -0,054 .639a -0,121 0,116 -0,086 0,206 -0,133 -0,031 -0,004 -0,241 
D9 Mathematics debates or discussions -0,035 0,034 -0,017 -0,028 -0,012 -0,121 .872a -0,019 0,068 0,033 -0,162 -0,091 -0,108 -0,067 
D11 Appreciating the beauty of mathematics 
[E.g. 3^3+4^4+3^3+5^5=3435] 
-0,061 -0,102 0,100 -0,019 0,002 0,116 -0,019 .890a -0,212 -0,150 -0,063 0,085 -0,121 -0,166 
D12 Connecting mathematics to real life -0,016 0,059 -0,047 -0,030 0,036 -0,086 0,068 -0,212 .840a -0,077 -0,096 -0,007 -0,012 0,065 
D15 Looking for different ways to find the 
answer 
-0,100 -0,027 -0,155 0,103 -0,006 0,206 0,033 -0,150 -0,077 .827a -0,478 -0,035 -0,077 -0,110 
D16 Looking for different possible answers 0,000 0,000 -0,023 -0,067 -0,064 -0,133 -0,162 -0,063 -0,096 -0,478 .834a -0,036 0,046 0,173 
D17 Stories about the history of mathematics -0,100 0,014 0,018 -0,022 0,077 -0,031 -0,091 0,085 -0,007 -0,035 -0,036 .778a -0,466 -0,002 
D18 Stories about recent developments in 
mathematics 
0,125 -0,077 -0,063 0,022 -0,090 -0,004 -0,108 -0,121 -0,012 -0,077 0,046 -0,466 .868a -0,066 
D19 Explaining my solutions to the class -0,010 -0,040 -0,142 -0,011 -0,026 -0,241 -0,067 -0,166 0,065 -0,110 0,173 -0,002 -0,066 .826a 
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  D22 D23 D24 D26 D30 D33 D35 D37 D38 D39 D40 D43 D45 D49 
D22 Using the calculator to check the answer .651a 0,028 -0,066 -0,001 -0,069 -0,046 -0,002 0,027 -0,041 -0,060 -0,075 -0,042 -0,028 -0,148 
D23 Learning mathematics with ICT 
(electronic devices) 
0,028 .589a -0,579 -0,002 -0,025 -0,119 -0,062 0,001 -0,070 -0,112 -0,120 0,076 0,097 -0,123 
D24 Learning mathematics via the Internet -0,066 -0,579 .625a -0,164 -0,037 0,074 0,082 -0,025 0,034 0,067 0,035 0,034 -0,078 -0,023 
D26 Relationships between mathematics 
concepts [E.g. 21/35 ÷ 3/7= 7/5 ] 
-0,001 -0,002 -0,164 .902a -0,070 -0,016 -0,005 -0,198 -0,064 -0,047 -0,070 -0,082 -0,030 0,104 
D30 Using alternative methods -0,069 -0,025 -0,037 -0,070 .866a -0,108 -0,116 0,050 -0,059 -0,065 -0,007 -0,003 0,015 -0,058 
D33 Writing the solutions step-by-step -0,046 -0,119 0,074 -0,016 -0,108 .797a 0,034 0,109 -0,012 0,121 0,097 -0,204 -0,140 -0,029 
D35 Teacher/Lecturer asking us questions -0,002 -0,062 0,082 -0,005 -0,116 0,034 .893a 0,070 -0,010 -0,070 -0,008 -0,102 -0,010 -0,224 
D37 Doing a lot of mathematics homework or 
exercises 
0,027 0,001 -0,025 -0,198 0,050 0,109 0,070 .852a -0,061 0,003 0,104 -0,156 0,004 -0,083 
D38 Given a formula to use -0,041 -0,070 0,034 -0,064 -0,059 -0,012 -0,010 -0,061 .778a 0,000 -0,053 0,027 -0,027 -0,096 
D39 Looking out for mathematics in real life -0,060 -0,112 0,067 -0,047 -0,065 0,121 -0,070 0,003 0,000 .870a -0,101 -0,014 0,022 -0,060 
D40 Knowing where rules / formulae came 
from 
-0,075 -0,120 0,035 -0,070 -0,007 0,097 -0,008 0,104 -0,053 -0,101 .881a -0,126 -0,048 0,149 
D43 Mathematics assessments (E.g. tests, 
assignments, etc.) 
-0,042 0,076 0,034 -0,082 -0,003 -0,204 -0,102 -0,156 0,027 -0,014 -0,126 .914a 0,091 -0,086 
D45 Feedback from my friends -0,028 0,097 -0,078 -0,030 0,015 -0,140 -0,010 0,004 -0,027 0,022 -0,048 0,091 .677a 0,019 
D49 Examples to help me understand -0,148 -0,123 -0,023 0,104 -0,058 -0,029 -0,224 -0,083 -0,096 -0,060 0,149 -0,086 0,019 .841a 
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  D51 D54A D54B D55 D57 D60 D61 D62 D63 D64 
D51 Learning from mistakes .784a -0,621 -0,035 0,092 -0,021 0,061 0,015 0,010 -0,240 .784a 
D54A Understanding concepts -0,621 .805a 0,003 -0,093 -0,001 -0,006 -0,064 -0,052 -0,048 -0,621 
D54B Understanding processes -0,035 0,003 .631a -0,073 -0,065 0,079 0,078 0,073 -0,142 -0,035 
D55 Shortcuts to solving a problem 0,092 -0,093 -0,073 .875a 0,017 -0,133 -0,078 -0,103 0,033 0,092 
D57 Mathematics homework -0,021 -0,001 -0,065 0,017 .879a -0,278 -0,003 0,037 0,027 -0,021 
D60 Mystery of mathematics (E.g. 111 111 111 x 111 111 111 = 
12345678987654321) 
0,061 -0,006 0,079 -0,133 -0,278 .864a 0,012 0,057 -0,075 0,061 
D61 Stories about mathematicians (E.g. Pythagoras, Euclid or Riemann) 0,015 -0,064 0,078 -0,078 -0,003 0,012 .909a -0,045 -0,191 0,015 
D62 Completing all mathematics work, problems, exercises, or tasks 0,010 -0,052 0,073 -0,103 0,037 0,057 -0,045 .881a -0,282 0,010 
D63 Understanding why my solution is incorrect or correct -0,240 -0,048 -0,142 0,033 0,027 -0,075 -0,191 -0,282 .774a -0,240 
D64 Remembering the work we have done .784a -0,621 -0,035 0,092 -0,021 0,061 0,015 0,010 -0,240 .784a 
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Annexure O: Structure matrix for final PCA analysis with 38 items  
Structure Matrix 
 
Component 
1 2 3 4 5 6 7 
D57 Mathematics 
homework 
.775       
D43 Mathematics 
assessments (E.g. 
tests, assignments, 
etc.) 
.716     -.410 -.331 
D37 Doing a lot of 
mathematics homework 
or exercises 
.715    -.300   
D62 Completing all 
mathematics work, 
problems, exercises, or 
tasks 
.596    -.333 -.439 -.395 
D26 Relationships 
between mathematics 
concepts [E.g. 21/35 ÷ 
3/7= 7/5 ] 
.583 .387    -.401 -.397 
D2 Problem-solving .571 .367      
D1 Investigations .530     -.319 -.409 
D35 Teacher/Lecturer 
asking us questions 
.517 .382      
D61 Stories about 
mathematicians (E.g. 
Pythagoras, Euclid or 
Riemann) 
 .759      
D18 Stories about 
recent developments in 
mathematics 
 .752     -.327 
D39 Looking out for 
mathematics in real life 
.328 .741      
D17 Stories about the 
history of mathematics 
 .722     -.324 
D40 Knowing where 
rules / formulae came 
from 
 .712     -.327 
D12 Connecting 
mathematics to real life 
 .687     -.335 
D60 Mystery of 
mathematics (E.g. 111 
111 111 x 111 111 111 
= 12345678987654321) 
 .667      
D11 Appreciating the 
beauty of mathematics 
[E.g. 
3^3+4^4+3^3+5^5=343
5] 
.437 .596     -.444 
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D23 Learning 
mathematics with ICT 
(electronic devices) 
  .796     
D24 Learning 
mathematics via the 
Internet 
  .750     
D4 Using the calculator -.322  .615     
D22 Using the 
calculator to check the 
answer 
  .611     
D55 Shortcuts to 
solving a problem 
  .578     
D7 Whole-class 
discussions 
   .746    
D3 Small-group 
discussions 
   .686    
D45 Feedback from my 
friends 
   .626    
D9 Mathematics 
debates or discussions 
 .426  .580    
D19 Explaining my 
solutions to the class 
.437   .546   -.326 
D6 Working step-by-
step 
    -.734   
D38 Given a formula to 
use 
    -.660   
D49 Examples to help 
me understand 
    -.634 -.390 -.360 
D33 Writing the 
solutions step-by-step 
.411    -.594   
D54B Understanding 
processes 
.302     -.842  
D54A Understanding 
concepts 
     -.815  
D64 Remembering the 
work we have done 
    -.318 -.654  
D63 Understanding why 
my solution is incorrect 
or correct 
.382     -.635 -.328 
D15 Looking for 
different ways to find 
the answer 
.334 .383     -.839 
D16 Looking for 
different possible 
answers 
 .373     -.821 
D30 Using alternative 
methods 
.321 .346     -.755 
D51 Learning from 
mistakes 
     -.384 -.540 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Oblimin with Kaiser Normalization. 
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Annexure P: Descriptive statistics showing mean, median, mode and standard 
deviation for all 65 Likert scale items  
 
N 
Mean Median Mode Std. Deviation Valid Missing 
D1 243 6 3.49 3.00 3 .864 
D2 245 4 4.03 4.00 4 .827 
D3 246 3 3.06 3.00 3 1.000 
D4 249 0 3.68 4.00 3 1.089 
D5 249 0 4.63 5.00 5 .661 
D6 249 0 4.50 5.00 5 .713 
D7 249 0 3.23 3.00 3 1.108 
D8 248 1 4.23 4.00 5 .894 
D9 248 1 3.07 3.00 3 1.150 
D10 249 0 3.52 4.00 3 1.104 
D11 248 1 3.52 4.00 3 1.234 
D12 249 0 3.73 4.00 3 1.091 
D13 249 0 4.38 4.00 5 .742 
D14 248 1 4.11 4.00 5 .986 
D15 249 0 4.06 4.00 4 .900 
D16 244 5 3.83 4.00 4 .969 
D17 249 0 2.66 3.00 3 1.132 
D18 249 0 3.13 3.00 3 1.132 
D19 248 1 2.95 3.00 3 1.110 
D20 248 1 3.10 3.00 3 1.256 
D21 249 0 3.68 4.00 4 1.028 
D22 249 0 4.13 4.00 5 .922 
D23 248 1 3.51 3.50 3 1.049 
D24 248 1 3.11 3.00 3 1.046 
D25 247 2 3.45 3.00 3 1.057 
D26 247 2 3.93 4.00 4 .954 
D27 248 1 2.44 2.00 1 1.268 
D28 248 1 4.45 5.00 5 .783 
D29 248 1 3.17 3.00 3 1.118 
D30 248 1 3.95 4.00 4 .838 
D31 247 2 3.97 4.00 4 .943 
D32 248 1 3.67 4.00 4 1.147 
D33 248 1 4.23 5.00 5 .999 
D34 248 1 3.27 3.00 3 1.290 
D35 248 1 3.85 4.00 5 1.102 
D36 248 1 4.07 4.00 5 .950 
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D37 248 1 3.71 4.00 5 1.212 
D38 247 2 4.30 4.00 5 .770 
D39 248 1 3.33 3.00 3 1.119 
D40 248 1 3.08 3.00 3 1.205 
D41 248 1 3.97 4.00 5 .993 
D42 245 4 3.71 4.00 4 1.046 
D43 248 1 4.08 4.00 5 1.056 
D44 248 1 4.21 4.00 5 .942 
D45 247 2 2.89 3.00 3 1.195 
D46 247 2 4.21 4.00 5 .922 
D47 248 1 3.77 4.00 4 1.050 
D48 247 2 3.23 3.00 3 1.056 
D49 247 2 4.41 5.00 5 .754 
D50 247 2 4.21 5.00 5 .939 
D51 247 2 4.68 5.00 5 .648 
D52 247 2 3.20 3.00 3 1.203 
D53 247 2 3.62 4.00 4 1.028 
D54A 246 3 4.53 5.00 5 .704 
D54B 247 2 4.46 5.00 5 .747 
D55 247 2 3.48 4.00 3 1.168 
D56 247 2 4.54 5.00 5 .720 
D57 247 2 3.76 4.00 4 1.191 
D58 247 2 4.59 5.00 5 .692 
D59 247 2 4.09 4.00 5 1.015 
D60 247 2 3.49 4.00 3 1.219 
D61 247 2 2.98 3.00 3 1.256 
D62 246 3 4.14 4.00 5 .986 
D63 247 2 4.68 5.00 5 .636 
D64 247 2 4.65 5.00 5 .711 
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Annexure Q: Descriptive statistics for each of the seven components for male 
and female participants  
Descriptives 
 Gender Your gender Statistic Std. Error 
MPPS  
Mathematics Practice and 
Problem Solving 
Female Mean 3.7850 .07308 
95% Confidence Interval for 
Mean 
Lower Bound 3.6403  
Upper Bound 3.9297  
5% Trimmed Mean 3.8508  
Median 4.0000  
Variance .636  
Std. Deviation .79721  
Minimum 1.13  
Maximum 4.88  
Range 3.75  
Interquartile Range 1.00  
Skewness -1.184 .222 
Kurtosis 1.100 .440 
Male Mean 3.9623 .05239 
95% Confidence Interval for 
Mean 
Lower Bound 3.8586  
Upper Bound 4.0659  
5% Trimmed Mean 3.9833  
Median 4.0000  
Variance .357  
Std. Deviation .59736  
Minimum 2.25  
Maximum 5.00  
Range 2.75  
Interquartile Range 1.00  
Skewness -.478 .212 
Kurtosis -.396 .422 
MRW  
Mathematics in the Real 
World 
Female Mean 3.2125 .08402 
95% Confidence Interval for 
Mean 
Lower Bound 3.0462  
Upper Bound 3.3789  
5% Trimmed Mean 3.2304  
Median 3.2500  
Variance .840  
Std. Deviation .91650  
Minimum 1.00  
Maximum 5.00  
Range 4.00  
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Interquartile Range 1.25  
Skewness -.282 .222 
Kurtosis -.464 .440 
Male Mean 3.2648 .06806 
95% Confidence Interval for 
Mean 
Lower Bound 3.1302  
Upper Bound 3.3995  
5% Trimmed Mean 3.2798  
Median 3.3750  
Variance .602  
Std. Deviation .77598  
Minimum 1.25  
Maximum 4.88  
Range 3.63  
Interquartile Range 1.03  
Skewness -.333 .212 
Kurtosis -.280 .422 
ICTC  
ICT and computation 
Female Mean 3.6021 .06802 
95% Confidence Interval for 
Mean 
Lower Bound 3.4674  
Upper Bound 3.7368  
5% Trimmed Mean 3.6135  
Median 3.6000  
Variance .551  
Std. Deviation .74197  
Minimum 1.60  
Maximum 5.00  
Range 3.40  
Interquartile Range 1.20  
Skewness -.113 .222 
Kurtosis -.561 .440 
Male Mean 3.5627 .06261 
95% Confidence Interval for 
Mean 
Lower Bound 3.4388  
Upper Bound 3.6866  
5% Trimmed Mean 3.5662  
Median 3.6000  
Variance .510  
Std. Deviation .71388  
Minimum 1.80  
Maximum 5.00  
Range 3.20  
Interquartile Range 1.00  
Skewness -.007 .212 
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Kurtosis -.496 .422 
DI Discussion and 
Interaction 
Female Mean 2.9838 .07110 
95% Confidence Interval for 
Mean 
Lower Bound 2.8430  
Upper Bound 3.1246  
5% Trimmed Mean 2.9857  
Median 3.0000  
Variance .602  
Std. Deviation .77561  
Minimum 1.00  
Maximum 4.80  
Range 3.80  
Interquartile Range .80  
Skewness -.119 .222 
Kurtosis -.045 .440 
Male Mean 3.0969 .06106 
95% Confidence Interval for 
Mean 
Lower Bound 2.9761  
Upper Bound 3.2177  
5% Trimmed Mean 3.1179  
Median 3.2000  
Variance .485  
Std. Deviation .69619  
Minimum 1.40  
Maximum 4.60  
Range 3.20  
Interquartile Range .80  
Skewness -.456 .212 
Kurtosis -.139 .422 
PL  
Progressive Learning 
Female Mean 4.2185 .05712 
95% Confidence Interval for 
Mean 
Lower Bound 4.1054  
Upper Bound 4.3316  
5% Trimmed Mean 4.2801  
Median 4.2500  
Variance .388  
Std. Deviation .62314  
Minimum 1.25  
Maximum 5.00  
Range 3.75  
Interquartile Range .75  
Skewness -1.681 .222 
Kurtosis 4.932 .440 
Male Mean 4.4897 .04398 
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95% Confidence Interval for 
Mean 
Lower Bound 4.4027  
Upper Bound 4.5768  
5% Trimmed Mean 4.5420  
Median 4.5000  
Variance .251  
Std. Deviation .50140  
Minimum 2.75  
Maximum 5.00  
Range 2.25  
Interquartile Range .50  
Skewness -1.410 .212 
Kurtosis 2.081 .422 
WUR 
 Ways of Understanding and 
Recall 
Female Mean 4.4583 .06259 
95% Confidence Interval for 
Mean 
Lower Bound 4.3344  
Upper Bound 4.5823  
5% Trimmed Mean 4.5401  
Median 4.7500  
Variance .462  
Std. Deviation .67996  
Minimum 1.25  
Maximum 5.00  
Range 3.75  
Interquartile Range .81  
Skewness -2.057 .223 
Kurtosis 6.059 .442 
Male Mean 4.6880 .03279 
95% Confidence Interval for 
Mean 
Lower Bound 4.6231  
Upper Bound 4.7529  
5% Trimmed Mean 4.7239  
Median 4.7500  
Variance .139  
Std. Deviation .37243  
Minimum 3.50  
Maximum 5.00  
Range 1.50  
Interquartile Range .50  
Skewness -1.120 .213 
Kurtosis .658 .423 
AMS  
Female Mean 4.0091 .06443 
Lower Bound 3.8815  
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Alternate Methods and 
Solutions 
95% Confidence Interval for 
Mean 
Upper Bound 4.1367 
 
5% Trimmed Mean 4.0659  
Median 4.0000  
Variance .494  
Std. Deviation .70283  
Minimum 1.25  
Maximum 5.00  
Range 3.75  
Interquartile Range .75  
Skewness -1.137 .222 
Kurtosis 2.097 .440 
Male Mean 4.2417 .05032 
95% Confidence Interval for 
Mean 
Lower Bound 4.1421  
Upper Bound 4.3412  
5% Trimmed Mean 4.2813  
Median 4.2500  
Variance .329  
Std. Deviation .57369  
Minimum 2.00  
Maximum 5.00  
Range 3.00  
Interquartile Range .75  
Skewness -.923 .212 
Kurtosis 1.348 .422 
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Annexure R: Independent-samples t-test results and t-test for equality of means for each of the seven components  
Independent-Samples Test 
 
Levene's Test for 
Equality of Variances t-test for Equality of Means 
F Sig. t df 
Sig. (2-
tailed) 
Mean 
Difference 
Std. Error 
Difference 
95% Confidence Interval 
of the Difference 
Lower Upper 
MPPS Mathematics 
Practice and 
Problem Solving 
Equal variances 
assumed 
5.979 .015 -1.996 247 .047 -.17726 .08881 -.35217 -.00234 
Equal variances not 
assumed 
  
-1.971 217.831 .050 -.17726 .08992 -.35448 -.00003 
MRW Mathematics 
in the Real World 
Equal variances 
assumed 
3.374 .067 -.487 247 .627 -.05230 .10733 -.26371 .15911 
Equal variances not 
assumed 
  
-.484 232.212 .629 -.05230 .10812 -.26533 .16073 
ICTC ICT and 
computation 
Equal variances 
assumed 
.543 .462 .427 247 .670 .03941 .09229 -.14237 .22118 
Equal variances not 
assumed 
  
.426 243.063 .670 .03941 .09245 -.14269 .22151 
DI Discussion and 
Interaction 
Equal variances 
assumed 
1.199 .275 -1.213 247 .226 -.11317 .09327 -.29688 .07054 
Equal variances not 
assumed 
  
-1.208 237.881 .228 -.11317 .09372 -.29780 .07146 
PL Progressive 
Learning 
Equal variances 
assumed 
2.585 .109 -3.799 247 .000 -.27126 .07141 -.41190 -.13061 
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Equal variances not 
assumed 
  
-3.763 226.531 .000 -.27126 .07209 -.41331 -.12920 
WUR Ways of 
Understanding and 
Recall 
Equal variances 
assumed 
18.840 .000 -3.329 245 .001 -.22965 .06898 -.36552 -.09378 
Equal variances not 
assumed 
  
-3.250 177.787 .001 -.22965 .07066 -.36910 -.09020 
AMS Alternate 
Methods and 
Solutions 
Equal variances 
assumed 
3.575 .060 -2.870 247 .004 -.23256 .08102 -.39215 -.07298 
Equal variances not 
assumed 
  
-2.845 228.186 .005 -.23256 .08175 -.39364 -.07149 
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